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(54) Current control apparatus of pulse-width modulation and its method of controlling current 



(57) " A current control apparatus has a pulse gener- 
ator thai generates a pulse signal, a duty instruction cir- 
cuit that gives a duty cycle to the pulse generator, a 
driver that drives an inductive load by the pulse signal, a 
feedback sensor that feeds back the counter electromo- 
tive force induced in the inductive load, and a current 
detector that detects the current flowing in the inductive 

Fig. 2 



load and in which, during the non-drive time of the 
inductive load, the duty instructing circuit gives a non- 
drive duty for applying to the inductive load a current 
that does not activate the inductive load, and calculates 
a drive duty for applying a desired current to the induc- 
tive load during the drive time of the inductive load. 
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Description 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to current control apparatus of pulse-width modulation and current control methods 
that can provide a current of stable values without using a dedicated circuit outputting a pulse signal, for example, in the 
drive circuit of the electromagnetic valve installed in an oil pressure control apparatus that varies oil pressure depending 
on the values of applied current. 

2. Description of the Related Art 

Current control circuits are roughly classified into those of the linear control method and those of the pulse-width 
modulation method. The linear control method provides switching elements of the circuit with a voltage or current cor- 
responding to a target current to control current. The pulse control method switches two kinds of signals, complete on 
and complete off, at high speed to control current by varying the ratio of the length of the on period to the length of the 
off period. The pulse-width modulation method can save power consumption compared with the linear control method. 

Consequently, in the linear control method, power consumption in the switching elements is large, so that stable 
current cannot be provided without the feedback of current values. In contrast, in the pulse-width modulation method, 
power consumption in switching elements is small, so that comparatively stable current can be provided without the 
feedback of current values. 

However, in the pulse-width modulation method without the feedback of current values, if temperature rises in the 
load by the flow of current therein, so that the resistance value changes, or if the value of source voltage provided to the 
load fluctuates in the case of using batteries as in a vehicle-installed system, then the value of current flowing in the 
load fluctuates consequently. 

Fig. 1 is a graph showing the relation between the duty cycle (abbreviated to duty in the figure) of the pulse signal 
and the value of current f bwing in the load in the case where current control of pulse-width modulation is performed for 
an inductive load. As shown in Fig. 1 , in the case of a configuration in which the current control circuit does not feed 
back the value of the current in the load, when a current is continuously applied to the load, then the load resistance 
value rises by self-heating, so that the value of the load current becomes small. Similarly, in the case where the value 
of the source voltage provided to the load fluctuates, the value of the load current fluctuates. Here, a pulse signal may 
have a duty cycle between 0 and 1 , and may have the duty cycle 0 or the duty cycle 1 . 

In order to solve these problems, a control circuit or control apparatus is disclosed in Japanese Pat Publications 
Tokkai-Sho 60-132182 and Tokkai-Hei 5-213173. The control circuit or control apparatus disclosed in these publica- 
tions uses a current detecting circuit that detects the value of the current flowing in the load, and performs feedback 
control that controls the current flowing in the load by feeding back the detected value of the load current. 

The above method uses a dedicated circuit for outputting a pulse signal. However, many of the recent microcom- 
puters have a function of generating a pulse signal. Therefore, for example, in a system apparatus such as an ABS con- 
troller, using the pulse signal generating function of a microcomputer is cost-effective. 

However, the current feedback disclosed in the above Japanese Pat. publications becomes impossible, if the pulse 
signal generating function is used. Therefore, in the current feedback system, the current value fluctuates caused by 
fluctuations of the load resistance value or the source voltage value. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the above problems. Its object is therefore to obtain a current control 
apparatus and a method of current control in which the load current does not fluctuate caused by fluctuations of the load 
resistance value or the source voltage value, and a microcomputer having a function of generating a pulse signal can 
be used. 

In order to achieve the aforementioned objective, according to claim 1 of the present invention, in current control 
apparatus that performs current control for an inductive load with pulse-width modulation, there is provided a current 
control apparatus of pulse-width modulation comprising: a pulse generating means that generates and outputs a pulse 
signal, a duty instructing means that gives a duty cycle of the pulse signal to the pulse generating means, a drive means 
that drives an inductive load with the pulse signal output from the pulse generating means, a feedback means that feeds 
back the current generated by the counter electromotive force that occurs in the inductive load, and a current detecting 
means that detects current value information about the value of the current flowing in the inductive load. 

The current control apparatus is characterized in that during the non-drive time of the inductive load, the duty 
instructing means gives to the pulse generating means a non-drive duty, which is a duty cycle for applying a current by 
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which the inductive load does not operate into the inductive load, and calculates a drive duty, which is a duty cycle for 
applying a desired current into the inductive load during the drive time of the inductive load, from the current value infor- 
mation from the current detecting means and the non-drive duty. 

In this way, during the non-drive time of the inductive load, the duty instructing means gives the non-drive duty to 

5 the pulse generating means and calculates the drive duty from the current value information about the current that flows 
in the inductive load by the non-drive duty and from the drive duty. Therefore, fluctuations in the current flowing in the 
inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source 
voltage value can be eliminated, so that the accuracy of the current value of the current flowing in the inductive load is 
improved, and the operation of the inductive load is secured. 

10 According to claim 2 of the present invention, during non-control time when current control is not performed, the 
duty instructing means in claim 1 gives the non-drive duty to the pulse generating means and calculates the drive duty 
for current control time from the non-drive duty and the current value information from the current detecting means 
about the saturation current flowing in the inductive load by the pulse signal of the non-drive duty. During non-control 
time when current control is not performed, the duty instructing means gives the non-dive duty and calculates the drive 

is duty from the non-drive duty and the current value information about the current flowing in the inductive load by the 
pulse signal of the non-drive duty. Therefore, fluctuations in the current flowing in the inductive load caused by fluctua- 
tions in the load resistance value of the inductive load and fluctuations in the source voltage value can be eliminated. 
Further, in the starting time of current control, the accuracy of the current value of the current flowing in the inductive 
load is improved, and the operation of the inductive load is secured. 

20 According to claim 3 of the present invention, the current detecting means in claims 1 and 2 comprises a circuit that 
converts current into voltage and a low-pass filter circuit. The detected current value is converted into voltage, and the 
converted voltage is passed through a low-pass filter. Therefore, the load current value in the inductive load can be 
detected with arbitrary timing, and the current value can be received as a voltage value. Therefore, arithmetic process- 
ing can be simplified, and fluctuations in the current flowing in the inductive load caused by fluctuations in the load 

25 resistance value of the inductive load and fluctuations in the source voltage value can be eliminated. 

According to claim 4 of the present invention, the duty instructing means in claims 1 to 3 gives the drive-duty to the 
pulse generating means during current control time and. if the period during which the duty cycle is constant is longer 
than the period taken by the current flowing in the inductive load to be in the saturation state, further calculates and 
renews a drive duty from the drive duty and the current information value about the saturation current f lowing in the 

30 inductive load by the pulse signal of the drive duty. During current control time, the inductive load heats up by being 
driven, so that the load resistance value of the inductive load changes, and the source voltage value may change. 
Therefore, the drive duty has to be renewed from time to time. If the period during which the calculated drive duty is 
constant is longer than the time taken by the current flowing in the inductive load to be in the saturation state, then the 
drive duty is calculated and renewed by the same method as during non-control time when current control is not per- 

35 formed. Therefore, the operation of calculating the drive duty in the current control apparatus is simplified. 

According to claim 5 of the present invention, in current control apparatus that performs current control for an induc- 
tive load with pulse-width modulation, there is provided a current control apparatus of pulse-width modulation compris- 
ing: a pulse generating means that generates and outputs a pulse signal and outputs signal information about the pulse 
signal, a duty instructing means that gives a duty cycle of the pulse signal to the pulse generating means, a drive means 

40 that drives an inductive load with the pulse signal output from the pulse generating means, a feedback means that feeds 
back the current generated by the counter electromotive force that occurs in the inductive load, and a current detecting 
means that detects current value information about the value of the current flowing in the inductive load. 

The current control apparatus is characterized in that during the non-drive time of the inductive load, the duty 
instructing means gives to the pulse generating means a non-drive duty, which is a duty cycle for applying a current by 

45 which the inductive load does not operate into the inductive load, and calculates a drive duty, which is a duty cycle for 
applying a desired current into the inductive load during the drive time of the inductive load, from the signal information 
from the pulse generating means about the output pulse signal of the non-drive duty, the current value information from 
the current detecting means, and the non-drive duty. 

In this way, the current caused by the counter electromotive force induced in the inductive load is fed back, and dur- 

so ing the non-drive time of the inductive load, the duty instructing means gives the non-drive duty and calculates the drive 
duty from signal information about the pulse signal of the given non-drive duty, current value information about the cur- 
rent flowing in the inductive load by the pulse signal of the non-drive duty, and the non-drive duty, Therefore, fluctuations 
in the current flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and 
fluctuations in the source voltage value can be eliminated, so that the accuracy of the current value of the current flow- 

55 ing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 6 of the present invention, during non-control time when current control is not performed, the 
duty instructing means in claim 5 gives to the pulse generating means a non-drive duty, which is a duty cycle for apply- 
ing a current by which the inductive load does not operate into the inductive load, and calculates the drive duty for cur- 
rent control time from the signal information for identifying, during one period of the pulse signal output from the pulse 
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generating means, a period when a current flows in the inductive load by the drive means and a period when a current 
flows in the inductive load by the counter electromotive force induced in the inductive load, the current value information 
from the current detecting means at the saturation time when changes in the average current value of the current flow- 
ing in the inductive load by the pulse signal of the non-drive duty become small within a predetermined value, and the 
5 non-drive duty. 

In this way, during non-control time when current control is not performed, the duty instructing means calculates the 
drive duty from the signal information for identifying, during one period of the pulse signal output from the pulse gener- 
ating means, a period when a current flows in the inductive load by the drive means and a period when a current flows 
in the inductive load by the counter electromotive force induced in the inductive load, the current value information about 

10 the current in the saturation state, and the non-drive duty. Therefore, fluctuations in the current flowing in the inductive 
load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source voltage value 
can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the current flowing 
in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 7 of the present invention, the feedback means in claims 5 and 6 is installed so that the feedback 

is current by the feedback means is not detected by the current detecting means; the signal information in claims 5 and 6 
is time information that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty 
changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 6 detects, 
from the time information and the non-drive duty, a period when a current flows in the inductive load by the drive means, 
receives the current value information at the saturation time during the period from the current detecting means, calcu- 

20 lates the average value of the current flowing in the inductive load during the period, from the current value information, 
the time information, and the non-drive duty, and calculates the drive duty for current control time from the average cur- 
rent value and the non-drive duty. 

In this way. in the case where a current detecting means does not detect feedback current, during non-control time 
when current control is not performed, the duty instructing means detects a period when a current flows in the inductive 

25 load by the drive means from the time information and the non-drive duty, receives the current value information at the 
saturation time during the period from the current detecting means, calculates the average value of the current flowing 
in the inductive load during the period, from the current value information, the time information, and the non-drive duty, 
and calculates the drive duty for current control time from the average current value and the non-drive duty. Therefore, 
fluctuations in the current f towing in the inductive load caused by fluctuations in the load resistance value of the induc- 

30 tive load and fluctuations in the source voltage value can be eliminated. Further, in the starting time of current control, 
the accuracy of the current value of the current flowing in the inductive load is improved, and the operation of the induc- 
tive load is secured. 

According to claim 8 of the present invention, the feedback means in claims 5 and 6 is installed so that the feedback 
current by the feedback means is not detected by the current detecting means; the signal information in claims 5 and 6 

35 is time information that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty 
changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 6 detects, 
from the time information and the non-drive duty, a period when a current flows in the inductive load by the drive means, 
receives a plurality of times the current value information at the saturation time during the period from the current 
detecting means, receives, from the pulse generating means, the time information corresponding to the current value 

40 information, calculates the average value of the current value information and the average value of the time information, 
calculates the average value of the current flowing in the inductive load during the period, from the average value of the 
current value information, the average value of the time information, and the non-drive duty, and calculates the drive 
duty for current control time from the average current value and the non-drive duty. 

In this way, in the case where a feedback means does not detect the feedback current, during non-control time 

45 when current control is not performed, the duty instructing means detects a period when a current flows in the inductive 
load by the drive means from the time information and the non-drive duty, receives the current value information several 
times after the saturation time during the period, receives the time information corresponding to the current value infor- 
mation, calculates the average value of the current value information and the average value of the time information, cal- 
culates the average value of the current flowing in the inductive load during the period, from the average value of the 

so current value information, the average value of the time information, and the non-drive duty, and calculates the drive 
duty for current control time from the average current value and the non-drive duty Therefore, fluctuations in the current 
flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in 
the source voltage value can be eliminated. Further, detection errors due to the noise of the current flowing in the induc- 
tive load can be made small. Further, in the starting time of current control, the accuracy of the current value of the cur- 

55 rent flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 9 of the present invention, the duty instructing means in claim 8 further monitors the source volt- 
age value and calculates the average current value by giving weightings to the received current value information, if the 
source voltage value fluctuates during the time when the current value information is received from the current detecting 
means. If the duty instructing means detects fluctuations in the source voltage value during the time when it is receiving 
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the current value information from the current detecting means, then the duty instructing means calculates the average 
current value by giving weightings to the received current value information. Therefore, errors of the current value infor- 
mation due to fluctuations in the source voltage value can be reduced in the case of sampling the current value infor- 
mation several times. 

s According to claim 10 of the present invention, the duty instructing means in claims 7 to 9 detects, from the time 

information, during one period of the pulse signal, the elapsed time from the time when a current starts to flow in the 
inductive load by the drive means to the time when the current value information is received, calculates the ratio of the 
elapsed time to the period when a current flows in the inductive load by the drive means during one period of the pulse 
signal, calculated from the non-drive duty, and calculates the average current value by correcting the received current 

70 value information based on the ratio. 

in this way, during non-control time when current control is not performed, the duty instructing means detects, from 
the time information, during one period of the pulse signal, the elapsed time from the time when a current starts to flow 
in the inductive load by the drive means to the time when the current value information is received, calculates the ratio 
of the elapsed time to the period when a current flows in the inductive load during one period of the pulse signal, and 

75 calculates the average current value by correcting the received current value information based on the ratio. Therefore, 
fluctuations in the current flowing in the inductive load caused by fluctuations in the load resistance value of the induc- 
tive load and fluctuations in the source voltage value can be eliminated. Further, in the starting time of current control, 
the accuracy of the current value of the current flowing in the inductive load is improved, and the operation of the induc- 
tive load is secured. 

20 According to claim 1 1 of the present invention, the feedback means in claims 5 and 6 is installed so that the feed- 
back current by the feedback means is also detected by the current detecting means; the signal information in claims 5 
and 6 is time information that expresses the elapsed time from the time when the level of the pulse signal of the non- 
drive duty changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 
6 receives the current value information at the saturation time from the current detecting means, receives the time infor- 
ms mation from the pulse generating means, identifies the period to which the received current value information belongs, 
either as a period when a current flows in the inductive load by the drive means or as a period when a current flows in 
the inductive load by the counter electromotive force induced in the inductive load, calculates the average value of the 
current flowing in the inductive load over the identified period, and calculates a drive duty for current control time from 
the average current value and the non-drive duty. 

so In this way. in the case where a current detecting means also detects the feedback current, during non-control time 
when current control is not performed, the duty instructing means receives the current value information at the satura- 
tion time, receives the time information, identifies the period to which the received current value information belongs, 
either as a period when a current flows in the inductive load by the drive means or as a period when a current flows in 
the inductive load by the counter electromotive force induced in the inductive load, calculates the average value of the 

35 current flowing in the inductive load over the identified period, and calculates a drive duty for current control time from 
the average current value and the non-drive duty. Therefore, the current value information can be detected with arbitrary 
timing, so that the detection processing can be simplified. Further, fluctuations in the current flowing in the inductive 
load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source voltage value 
can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the current flowing 

40 in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 12 of the present invention, the feedback means in claims 5 and 6 is installed so that the feed- 
back current by the feedback means is also detected by the current detecting means; the signal information in claims 5 
and 6 is time information that expresses the elapsed time from the time when the level of the pulse signal of the non- 
drive duty changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 

45 6 receives the current value information a plurality of times after the saturation time from the current detecting means 
with arbitrary timing, receives, from the pulse generating means, the time information corresponding to the current value 
information, classifies the received current value information, based on the time information and the non-drive duty, into 
the information during a period when a current flows in the inductive load by the driving means and the information dur- 
ing a period when a current flows in the inductive load by the counter electromotive force induced in the inductive load, 

so calculates the average value of the received current value information and the average value of the time information for 
each period, calculates therefrom and from the non-drive duty the average value of the current flowing in the inductive 
load for each period, and calculates the drive duty for current control time, from the current value obtained by averaging 
the calculated average current values in both periods and from the non-drive duty. 

In this way. in the case where a current detecting means also detects the feedback current, during non-control time 

55 when current control is not performed, the duty instructing means receives the current value information several times 
after the saturation time, receives the time information corresponding to the current value information, classifies the 
received current value information, based on the time information and the non-drive duty, into the information during a 
period when a current flows in the inductive load by the driving means and the information during a period when a cur- 
rent flows in the inductive load by the counter electromotive force induced in the inductive load, calculates the average 
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value of the current flowing in the inductive load for each period, from the average value of the received current value 
information and the average value of the time information for each period and from the non-drive duty, and calculates 
the drive duty for current control time, from the current value obtained by averaging the calculated average current val- 
ues in both periods and from the non-drive duty. Therefore, the current value information can be detected with arbitrary 

5 timing, so that the detection processing can be simplified. Further, fluctuations in the current flowing in the inductive 
load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source voltage value 
can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the current flowing 
in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 13 of the present invention, the duty instructing means in claim 12 monitors the source voltage 

10 value and calculates the average current value by giving weightings to the received current value information, if the 
source voltage value fluctuates during the time when the current value information is received from the current detecting 
means. The duty instructing means monitors the source voltage value and calculates the average current value by giv- 
ing weightings to the received current value information, if source voltage fluctuates during the time when the current 
value information is received. Therefore, errors of the current value information due to fluctuations in the source voltage 

15 value can be reduced in the case of sampling the current value information several times. 

According to claim 1 4 of the present invention, the duty instruction means in claims 1 1 to 1 3 detects, from the time 
information, during one period of the pulse signal, the elapsed time from the beginning of the corresponding identified 
period to the time when the current value information is received, calculates the ratio of the elapsed time to the corre- 
sponding identified period, and calculates the average current value by correcting the received current value informa- 

20 tion based on the ratio. 

In this way, during con-control time when current control is not performed, the duty instructing means detects, from 
the time information, during one period of the pulse signal, the elapsed time from the beginning of the corresponding 
identified period to the time when the current, value information is received, calculates the ratio of the elapsed time to 
the corresponding identified period, and calculates the average current value by correcting the received current value 
25 information based on the ratio. Therefore, fluctuations in the current flowing in the inductive load caused by fluctuations 
in the load resistance value of the inductive load and fluctuations in the source voltage value can be eliminated. Further, 
in the starting time of current control, the accuracy of the current value of the current flowing in the inductive load is 
improved, and the operation of the inductive load is secured. 

According to claim 15 of the present invention, the duty instructing means in claims 1 to 14 further monitors the 
30 source voltage value and corrects and gives the drive duty in inverse proportion to the difference between the monitored 
value and a predetermined value. Before giving the non-drive duty to the pulse generating means, the instructing 
means corrects the drive duty in proportion to the difference between the monitored value and a predetermined value. 
Therefore, the current flowing in the inductive load by a pulse signal of the non-drive duty does not fluctuate even if the 
source voltage value fluctuates. Therefore, the detection accuracy of the current value of the current flowing in the 
35 inductive load by the pulse signal of the non-drive duty can be optimized and improved. 

According to daim 16 of the present invention, the duty instructing means of claim 5 monitors source voltage value, 
and during non-control time when current control is not performed, gives to the pulse generating means the duty cycle 
1 for a time so that the inductive load does not operate, and calculates the drive duty for current control time from the 
signal information for identifying, in the pulse signal output from the pulse generating means, a period when a current 
40 flows in the inductive load by the drive means and a period when a current flows in the inductive load by the counter 
electromotive force induced in the inductive load, the current value information from the current detecting means, and 
the source voltage value at the time when the current value information was detected. 

In this way, the duty instructing means monitors source voltage value, and during non-control time when current 
control is not performed, calculates the drive duty for current control time from the signal information for identifying, in 
45 the pulse signal output from the pulse generating means, a period when a current flows in the inductive load by the drive 
means and a period when a current flows in the inductive load by the counter electromotive force induced in the induc- 
tive load, the current value information from the current detecting means, and the source voltage value at the time when 
the current value information was detected. Therefore, during non-control time when current control is not performed, 
the duty instructing means can calculate the drive duty without waiting until the saturation time when changes in the 
so average current value of the current flowing in the inductive load by the pulse signal of the non-drive duty become small 
within a predetermined value. Therefore, time until the drive duty is calculated can be shortened. Further, fluctuations 
in the current flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and 
fluctuations in the source voltage value can be eliminated. Further, in the starting time of current control, the accuracy 
of the current value of the current flowing in the inductive load is improved, and the operation of the inductive load is 



According to claim 1 7 of the present invention, the signal information in claim 1 6 is time information that expresses 
the elapsed time from the time when the pulse generating means outputs a pulse signal of the duty 1 into the drive 
means, so that the level of the pulse signal changes and a current starts to flow in the inductive load, and the duty 
instructing means in claim 16 receives current value information from the current detecting means, receives the time 
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information from the pulse generating means, identifies the period to which the received current value information 
belongs either as a period when a current flows in the inductive load by the drive means or as a period when a current 
flows in the inductive load by the counter electromotive force induced in the inductive load, based on the time informa- 
tion and the time when the duty 1 was given, calculates the load resistance value of the inductive load during the iden- 

s tified period from the time information, the received current value information, and the source voltage value at the time 
of receiving the current value information, and calculates the drive duty for current control time. 

In this way, the duty instructing means monitors the source voltage value, and during non-control time when current 
control is not performed, receives the current value information and the time information, identifies the period to which 
the received current value information belongs either as a period when a current flows in the inductive load by the drive 

w means or as a period when a current flows in the inductive load by the counter electromotive force induced in the induc- 
tive load, based on the time information and the time when the duty 1 was given, calculates the load resistance value 
of the inductive load during the identified period from the time information, the received current value information, and 
the source voltage value at the time of receiving the current value information, and calculates the drive duty for current 
control time. Therefore, during non-control time when current control is not performed, the duty instructing means can 

is calculate the drive duty without waiting until the saturation time when changes in the average current value of the cur- 
rent flowing in the inductive load by the pulse signal of the non-drive duty become small within a predetermined value. 
Therefore, time until the drive duty is calculated can be shortened. Further, fluctuations in the current flowing in the 
inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source 
voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the 

20 current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 18 of the present invention, the current detecting means in claims 5 to 1 7 is a circuit that con- 
verts current into voltage. The current detecting means converts the current flowing in the inductive load into voltage, 
so that the duty instructing means can process the voltage value as the current value information. Therefore, a filter cir- 
cuit becomes unnecessary, and cost reduction can be achieved. 

25 According to claim 19 of the present invention, during current control time, the duty instructing means in claims 5 
to -18 gives the drive-duty to the pulse generating means, if the period during which the duty cycle is constant is longer 
than the period taken by the current flowing in the inductive load to be in the saturation state, and further calculates and 
renews a drive duty from the signal information from the pulse generating means in a pulse signal of the drive duty, cur- 
rent value information about the saturation current f lowing in the inductive load by the pulse signal of the drive duty, and 

30 the drive duty. In this way, during current control time, the inductive load heats up by being driven, so that the load resist- 
ance value of the inductive load changes, and the source voltage value may change. Therefore, the drive duty has to 
be renewed from time to time. If the period during which the calculated drive duty is constant is longer than the time 
taken by the current flowing in the inductive load to be in the saturation state, then the drive duty is calculated and 
renewed by the same method as during non-control time when current control is not performed. Therefore, the opera- 

35 tion of calculating the drive duty in the current control apparatus is simplified. 

According to claim 20 of the present invention, during current control time, the duty instructing means in claims 1 
to 19 monitors the source voltage value and corrects and gives the calculated newest drive duty in inverse proportion 
to the difference between the monitored source voltage value and a predetermined value. In this way. if the duty instruct- 
ing means detects fluctuations in the source voltage value, then it corrects the calculated newest drive duty in propor- 

40 tion to the fluctuations. Therefore, the accuracy of the current value of the current flowing in the inductive load by the 
calculated drive duty can be maintained, even if the source voltage value fluctuates. 

According to claim 21 of the present invention, the duty instructing means in claims 1 to 21 corrects and gives the 
calculated newest drive duty depending on the rate of change in the load resistance value of the inductive load during 
current control time. In this way, during current control time, if the load resistance value of the inductive load fluctuates, 

45 the duty instructing means corrects the calculated newest drive duty depending on the rate of change in the load resist- 
ance value of the inductive load. Therefore, the accuracy of the current value of the current flowing in the inductive load 
by the calculated drive duty can be maintained, even if the source voltage value fluctuates. 

According to claim 22 of the present invention, the duty instructing means monitors the source voltage value and 
calculates the rate of change in the load resistance value from currents having flowed in the inductive load by the drive 

so duty calculated before correcting the drive duty, the time periods when currents flowed, and the average value of the 
source voltage monitored at these time periods. The duty instructing means calculates the rate of change in the load 
resistance value from the drive history of the inductive load before the correction of the drive duty is performed, and cor- 
rects the calculated newest drive duty depending on the rate of change in the load resistance value of the inductive 
load. Therefore, the accuracy of the current value of the current flowing in the inductive load by the calculated drive duty 

55 can be maintained. 

According to claim 23 of the present invention, the inductive load in claims 1 to 22 is a three-position switching elec- 
tromagnetic valve that changes its position corresponding to the values of applied current and is used for switching 
pressurization, holding, and decompression of brake fluid in an ABS control apparatus of a vehicle. In this way, the cur- 
rent control apparatus can improve the accuracy of the current value of the current provided to the three-position switch- 
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ing electromagnetic valve during ABS control time, and the operation of the electromagnetic valve can be secured. 
Therefore, the performance of ABS control can be improved. 

According to claim 24 of the present invention, the set of the pulse generating means and duty instructing means 
in claims 1 to 23 is a microcomputer having an A/D converter. In this way, the current control apparatus can reduce the 

5 number of used parts by the use of an existing microcomputer, so that the costs can be reduced. 

According to claim 25 of the present invention, in current control methods that perform current control fa an induc- 
tive load with pulse-width modulation, there is provided a current control method of pulse-width modulation that, in non- 
drive time of an inductive load, generates a pulse signal of a non-drive duty that is a duty cycle for applying a current by 
which the inductive load does not operate into the inductive load, applys a current by the pulse signal into the inductive 

io load feeds back the current caused by the counter electromotive force induced in the inductive load, detects current 
value information about the current flowing in the inductive load, and calculates a drive duty that is a duty cycle for 
applying a desired current into the inductive load during the drive time of the inductive load, from the non-drive duty and 
the current value information. 

In this way, during non-control time when current control is not performed, the present method of current control 

is gives the non-drive duty and calculates the drive duty from the current value information about the current flowing in the 
inductive load by the pulse signal of the non-drive duty and from the non-drive duty. Therefore, fluctuations in the current 
flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in 
the source voltage value can be eliminated, so that the accuracy of the current value of the current flowing in the induc- 
tive load is improved, and the operation of the inductive load is secured. 

20 According to claim 26 of the present invention, during current control time, the current control method in claim 25 

further calculates and renews a drive duty from the drive duty and the current information value about the saturation 
current flowing in the inductive load by the pulse signal of the drive duty, if the period during which the duty cycle is con- 
stant is longer than the period taken by the current flowing in the inductive load to be in the saturation state. During cur- 
rent control time, the inductive load heats up by being driven, so that the load resistance value of the inductive load 

25 changes, and the source voltage value may change. Therefore, the drive duty has to be renewed from time to time. If 
the period during which the calculated drive duty is constant is longer than the time taken by the current flowing in the 
inductive load to be in the saturation state, then the drive duty is calculated and renewed by the same method as during 
non-control time when current control is not performed. Therefore, the operation of calculating the drive duty in a current 
control apparatus is simplified. 

30 According to claim 27 of the present invention, in current control methods that perform current control for an induc- 
tive load with pulse-width modulation, there is provided a current control method of pulse-width modulation that, during 
non-control time when current control is not performed, generates a pulse signal of a non-drive duty that is a duty cycle 
for applying a current by which the inductive load does not operate into the inductive load, applys a current by the pulse 
signal into the inductive load, feeds back the current caused by the counter electromotive force induced in the inductive 
35 load, detects current value information about the current flowing in the inductive load, and calculates a drive duty, which 
is a duty cycle for applying a desired current into the inductive load during current control time, from the non-drive duty, 
signal information about the pulse signal of the non-drive duty, and the current value information. 

In this way, during non-control time when current control is not performed, the present method of current control 
calculates the non-drive duty from signal information about the pulse signal, the current value information about the sat- 
40 uration current flowing in the inductive load, and the non-drive duty. Therefore, fluctuations in the current flowing in the 
inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source 
voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the 
current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 28 of the present invention, the current control method defined in claim 27 is further character- 
's ized in that feedback current is not detected; the signal information is time information that expresses the elapsed time 
from the time when the level of the pulse signal of the non-drive duty changes so that a current starts to flow in the 
inductive load; and the current control method detects, from the time information and the non-drive duty, a period when 
a current from a current source flows in the inductive load, receives the current value information during that period and 
at the saturation time when changes in the average current value of the current flowing in the inductive load by the pulse 
so signal of the non-drive duty become small within a predetermined value, calculates the average value of the current 
flowing in the inductive load during the period, from the current value information, the time information, and the non- 
drive duty, and calculates the drive duty for current control time from the average current value and the non-drive duty. 

In this way, in the case where the feedback current is not detected as current value information, during non-control 
time when current control is not performed, the present method of current control detects, from the time information and 
55 the non-drive duty, a period when a current from a current source flows in the inductive load, receives the current value 
information at the saturation time during that period, calculates the average value of the current flowing in the inductive 
load during the period, from the current value information, the time information, and the non-drive duty, and calculates 
the drive duty for current control time from the average current value and the non-drive duty. Therefore, fluctuations in 
the current flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and f luc- 
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tuations in the source voltage value can be eliminated. Further, in the starting time of current control, the accuracy of 
the current value of the current flowing in the inductive load is improved, and the operation of the inductive load is 
secured. 

According to claim 29 of the present invention, the current control method defined in claim 27 is further character- 
5 ized in that the feedback current is not detected; the signal information is time information that expresses the elapsed 
time from the time when the level of the pulse signal of the non-drive duty changes so that a current starts to flow in the 
inductive load; and the current control method detects, from the time information and the non-drive duty, a period when 
a current from a current source flows in the inductive load, receives a plurality of times the current value information, 
during the period, after the saturation time when changes in the average current value of the current flowing in the 
w inductive load by the pulse signal of the non-drive duty become small within a predetermined value, receives the time 
information corresponding to the current value information, calculates the average value of the current value information 
and the average value of the time information, calculates the average value of the time information, from the average 
value of the current value information, and the non-drive duty, the average value of the current flowing in the inductive 
load during the period, and calculates the drive duty for current control time from the average current value and the non- 



In this way, in the case where the feedback current is not detected as current value information, during non-control 
time when current control is not performed, the present method of current control detects, from the time information and 
the non-drive duty, a period when a current from a current source flows in the inductive load, receives the current value 
information several times after the saturation time during that period, receives the time information corresponding to the 

20 current value information, calculates the average value of the current value information and the average value of the 
time information, calculates the average value of the current flowing in the inductive load during the period, from the 
average value of the current value information, the average value of the time information, and the non-drive duty, and 
calculates the drive duty for current control time from the average current value and the non-drive duty. Therefore, fluc- 
tuations in the current flowing in the inductive load caused by fluctuations in the load resistance value of the inductive 

25 load and fluctuations in the source voltage value can be eliminated. Further, detection errors due to the noise of the cur- 
rent flowing in the inductive load can be made small. Further, in the starting time of current control, the accuracy of the 
current value of the current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 30 of the present invention, the current control method defined in claim 29 monitors the source 
voltage value and calculates the average current value by giving weightings to the received current information, if the 

30 source voltage value fluctuates during the time when the current value information is received. The current control 
method monitors the source voltage value and calculates the average current value by giving weightings to the received 
current value information, if source voltage fluctuates during the time when the current value information is received. 
Therefore, errors of the current value information due to fluctuations in the source voltage value can be reduced in the 
case of sampling the current value information several times. 

35 According to claim 31 of the present invention, the current control method defined in claims 28, 29, and 30 detects, 
from the time information, during one period of the pulse signal, the elapsed time from the time when a current from a 
current source starts to flow in the inductive load to the time when the current value information is received, calculates 
the ratio of the elapsed time to the period when a current from the current source flows in the inductive load during one 
period of the pulse signal, calculated from the non-drive duty, and calculates the average current value by correcting the 

40 received current value information based on the ratio. 

In this way, during non-control time when current control is not performed, the current control method detects, from 
the time information, during one period of the pulse signal, the elapsed time from the time when a current from a current 
source starts to flow in the inductive load to the time when the current value information is received, calculates the ratio 
of the elapsed time to the period when a current from the current source flows in the inductive load during one period 

45 of the pulse signal, and calculates the average current value by correcting the received current value information based 
on the ratio. Therefore, fluctuations in the current flowing in the inductive load caused by fluctuations in the load resist- 
ance value of the inductive load and fluctuations in the source voltage value can be eliminated. Further, in the starting 
time of current control, the accuracy of the current value of the current flowing in the inductive load is improved, and the 
operation of the inductive load is secured. 

so According to claim 32 of the present invention, the current control method defined in claim 27 is further character- 

ized in that the feedback current is also detected as current value information; the signal information is time information 
that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty changes so that 
a current from the current source starts to flow in the inductive load; and the current control method receives the current 
value information at the saturation time when changes in the average current value of the current flowing in the inductive 

55 load by the pulse signal of the non-drive duty become small within a predetermined value, receives the time information, 
identifies the period to which the received current value information belongs either as a period when a current from the 
current source flows in the inductive load or as a period when a current flows in the inductive load by the counter elec- 
tromotive force induced in the inductive load, calculates the average value of the current flowing in the inductive load 
over the identified period, from the time information, the non-drive duty, and the received current value information, and 
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calculates a drive duty for current control time from the average current value and the non-drive duty. 

In this way, in the case where the feedback current is also detected as current value information, during non-control 
time when current control is not performed, the current control method receives the current value information at the sat- 
uration time, receives the time information, identifies, from the time information and the non-drive duty, the period to 
5 which the received current value information belongs either as a period when a current from the current source flows in 
the inductive load or as a period when a current flows in the inductive load by the counter electromotive force induced 
in the inductive load, calculates the average value of the current flowing in the inductive load over the identified period, 
from the time information, the non-drive duty, and the received current value information, and calculates a drive duty for 
current control time from the average current value and the non-drive duty. Therefore, the current value information can 
10 be detected with arbitrary timing, so that the detection processing can be simplified. Further, fluctuations in the current 
flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in 
the source voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current 
value of the current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to daim 33 of the present invention, the current control method defined in claim 27 is further character- 
15 ized in that the feedback current is also detected as current value information; the signal information is time information 
that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty changes so that 
a current from the current source starts to flow in the inductive load; and the current control method receives, after the 
saturation time when changes in the average current value of the current flowing in the inductive load by the pulse signal 
of the non-drive duty become small within a predetermined value, the current value information a plurality of times from 
20 the current detecting means with arbitrary timing, receives the time information corresponding to the current value infor- 
mation, classifies the received current value information, based on the time information and the non-drive duty, into the 
information during a period when a current from the cunent source flows in the inductive load and the information during 
a period when a current flows in the inductive load by the counter electromotive force induced in the inductive load, cal- 
culates the average value of the received current value information and the average value of the time information for 
25 each period, calculates therefrom and from the non-drive duty the average value of the current flowing in the inductive 
load for each period, and calculates the drive duty for current control time, from the current value obtained by averaging 
the calculated average current values in both periods and from the non-drive duty. 

In this way, in the case where the feedback current is also detected as current value information, during non-control 
time when current control is not performed, the current control method receives the current value information several 
30 times after the saturation time with arbitrary timing, receives the time information corresponding to the current valu* 
information, classifies the received current value information, based on the time information and the non-drive duty, into 
the information during a period when a current from the current source flows in the inductive load and the information 
during a period when a current flows in the inductive load by the counter electromotive force induced in the inductive 
load, calculates the average value of the current flowing in the inductive load for each period, from the calculated aver- 
35 age value of the received current value information and average value of the time information for each period and the 
non-drive duty, and calculates the drive duty for cunent control time, from the current value obtained by averaging the 
calculated average current values in both periods and from the non-drive duty. Therefore, the current value information 
can be detected with arbitrary timing, so that the detection processing can be simplified. Further, detection errors due 
to the noise of the current f towing in the inductive load can be made small. Further, fluctuations in the current flowing in 
40 the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source 
voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the 
current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 34 of the present invention, the current control method in claim 33 monitors the source voltage 
value and calculates the average current value by giving weightings to the received current information, if the source 
45 voltage value fluctuates during the time when the current value information is received. The current control method 
monitors the source voltage value and calculates the average current value by giving weightings to the received current 
value information, if source voltage fluctuates during the time when the current value information is received. Therefore, 
errors of the current value information due to fluctuations in the source voltage value can be reduced in the case of sam- 
pling the current value information several times. 
so According to claim 35 of the present invention, the current control method in claims 27 to 34 detects, from the time 

information, during one period of the pulse signal, the elapsed time from the beginning of the corresponding identified 
period to the time when the current value information is received, calculates the ratio of the elapsed time to the corre- 
sponding identified period, and calculates the average current value by correcting the received current value informa- 
tion based on the ratio. 

55 In this way. during non-control time when current control is not performed, the current control method detects, from 
the time information, during one period of the pulse signal, the elapsed time from the beginning of the corresponding 
identified period to the time when the current value information is received, calculates the ratio of the elapsed time to 
the corresponding identified period, and calculates the average current value by correcting the received current value 
information based on the ratio. Therefore, fluctuations in the current flowing in the inductive load caused by fluctuations 
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in the load resistance value of the inductive load and fluctuations in the source voltage value can be eliminated. Further, 
in the starting time of current control, the accuracy of the current value of the current flowing in the inductive load is 
improved, and the operation of the inductive load is secured. 

According to claim 36 of the present invention, the current control method in claims 26 to 35 monitors the source 
5 voltage value and corrects and gives the drive duty in proportion to the difference between the monitored source voltage 
value and a predetermined value The current control method corrects the drive duty in inverse proportion to the fluctu- 
ations in the source voltage value. Therefore, the current value of the current flowing in the inductive load by the pulse 
signal of the non-drive duty does not fluctuate by the fluctuations in the source voltage value, so that the detection accu- 
racy in the current value of the current flowing in the inductive load for the non-drive duty can be optimized and 



According to claim 37 of the present invention, in current control methods that perform current control for an induc- 
tive load with pulse-width modulation, there is provided a current control method of pulse-width modulation that, during 
non-control time when current control is not performed, monitors the source voltage value, applys a current into the 
inductive load, for a time so that the inductive load does not operate, by a pulse signal of duty 1 , feeds back the current 

75 caused by the counter electromotive force induced in the inductive load, receives current value information about the 
current flowing in the inductive load, receives signal information for identifying a period when a current from a current 
source flows in the inductive load by the drive means and a period when a current flows in the inductive load by the 
counter electromotive force induced in the inductive load, and calculates, from the signal information, the current value 
information, and the source voltage value at the time when the current value information was received, a drive duty that 

so is a duty cycle for applying a desired current into the inductive load during current control time. 

In this way, the current control method feeds back the current caused by the counter electromotive force induced in 
the inductive load, monitors the source voltage value, and during non-control time when current control is not per- 
formed, calculates the non-drive duty for control time from the signal information for identifying a period when a current 
from a current source flows in the inductive load by the drive means and a period when a current flows in the inductive 

25 load by the counter electromotive force induced in the inductive load, the current value information, and the source volt- 
age value at the time when the current value information was received. Therefore, during non-control time when current 
control is not performed, the duty instructing means can calculate the drive duty without waiting until the saturation time 
when changes in the average current value of the current flowing in the inductive load by the pulse signal of the non- 
drive duty become small within a predetermined value. Therefore, time until the drive duty is calculated can be short- 

30 ened. Further, fluctuations in the current flowing in the inductive load caused by fluctuations in the load resistance value 
of the inductive load and fluctuations in the source voltage value can be eliminated. Further, in the starting time of cur- 
rent control, the accuracy of the current value of the current flowing in the inductive load is improved, and the operation 
of the inductive load is secured. 

According to claim 38 of the present invention, the signal information in claim 37 is time information that expresses 

35 the elapsed time from the time when the level of the pulse signal of the duty 1 changes so that a current from the current 
source starts to flow in the inductive load; and the current control method receives the current value information, 
receives the time information, identifies, from the time information and the time during which a current from the current 
source flows in the inductive load by the pulse signal of the duty 1 , the period to which the received current value infor- 
mation belongs either as a period when a current from the current source flows in the inductive load or as a period when 

40 a current flows in the inductive load by the counter electromotive force induced in the inductive load, calculates, from 
the time information, the received current value information, and the source voltage value at the time the received cur- 
rent value information was received, the load resistance value of the inductive load during the identified period, and cal- 
culates the drive duty for current control time. 

In this way, the current control method monitors the source voltage value, and during non-control time when current 

45 control is not performed, receives the current value information and the time information, identifies, from the time infor- 
mation and the time when the duty cycle 1 was given, the period to which the received current value information belongs 
either as a period when a current from the current source flows in the inductive load or as a period when a current flows 
in the inductive load by the counter electromotive force induced in the inductive load, calculates the load resistance 
value of the inductive load during the identified period, from the time information, the received current value information, 

so and the source voltage value at the time the received current value information was received, and calculates the drive 
duty for current control time. Therefore, during non-control time when current control is not performed, the duty instruct- 
ing means can calculate the drive duty without waiting until the saturation time when changes in the average current 
value of the current flowing in the inductive load by the pulse signal of the non-drive duty become small within a prede- 
termined value. Therefore, time until the drive duty is calculated can be shortened. Further, fluctuations in the current 

55 flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in 
the source voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current 
value of the current flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 39 of the present invention, during current control time, if the period during which the duty cycle 
is constant is longer than the period taken by the current flowing in the inductive load to be in the saturation state, the 
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current control method in claims 27 to 38 further calculates and renews a drive duty from the signal information in the 
pulse signal of the drive duty and the current information value about the saturation current flowing in the inductive load 
by the pulse signal of the drive duty. During current control time, the inductive load heats up by being driven, so that the 
load resistance value of the inductive load changes, and the source voltage value may change. Therefore, the drive duty 

5 has to be renewed from time to time. If the period during which the calculated drive duty is constant is longer than the 
time taken by the current flowing in the inductive load to be in the saturation state, then the drive duty is calculated and 
renewed by the same method as during non-control time when current control is not performed. Therefore, the opera- 
tion of calculating the drive duty in a current control apparatus is simplif ied. 

According to claim 40 of the present invention, during current control time, the current control method in one claims 

w 25 to 40 monitors the source voltage value and corrects the drive duty in inverse proportion to the difference between 
the monitored source voltage value and a predetermined value. In this way, if the duty instructing means detects fluctu- 
ations in the source voltage value, then it corrects the calculated newest drive duty in proportion to the fluctuations. 
Therefore, the accuracy of the current value of the current flowing in the inductive load by the calculated drive duty can 
be maintained, even if the source voltage value fluctuates. 

is According to claim 41 of the present invention, during current control time, the current control method in claims 25 
to 40 corrects the calculated newest drive duty depending on the rate of change in the load resistance value of the 
inductive load. The current control method corrects the calculated newest drive duty depending on the rate of change 
in the load resistance value of the inductive load. Therefore, the accuracy of the current value of the current flowing in 
the inductive load by the calculated drive duty can be maintained, even if the resistance value of the inductive load f luc- 

20 tuates during current control time. 

According to claim 42 of the present invention, the current control method in claim 41 monitors the source voltage 
value and calculates the rate of change in the load resistance value from currents having flowed in the inductive load 
by the drive duty calculated before correcting the drive duty, the time periods when currents flowed, and the average 
value of the source voltage values monitored at these time periods. The current control method calculates the rate of 

25 change in the load resistance value from the drive history of the inductive load before the correction of the drive duty is 
performed, and corrects the calculated newest drive duty depending on the rate of change in the load resistance value 
of the inductive load. Therefore, the accuracy of the current value of the current flowing in the inductive load by the cal- 
culated drive duty can be maintained. 

According to claim 43 of the present invention, in the current control method in claims 26 to 42, the inductive load 

30 is a three-position switching electromagnetic valve for switching pressurization, holding, and decompression of brake 
fluid in an ABS control apparatus of a vehicle. In this way, the current control method can improve the accuracy of the 
current value of the current provided to the three-position switching electromagnetic valve during ABS control time, and 
the operation of the electromagnetic valve can be secured. Therefore, the performance of ABS control can be improved. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present invention will become clear from the following description taken 
in conjunction with the preferred embodiments thereof and the accompanying drawings throughout which like parts are 
designated by like reference numerals, and in which: 

40 

Fig. 1 is a graph showing the relation between the duty cycle of the pulse signal and the value of current flowing in 
the load. 

Fig. 2 is a block diagram illustrating the configuration of a first embodiment in the current control apparatus of pulse- 
width modulation in accordance with the present invention. 
45 Fig. 3 is a flowchart showing an operation example of the apparatus illustrated in Fig. 2. 

Fig. 4 shows a circuit example of the current control apparatus illustrated in Fig. 2. 
Fig. 5 is a timing chart in the circuit shown in Fig. 4. 

Fig. 6 is a block diagram of an ABS control apparatus using the current control apparatus of Fig. 2. 
Fig. 7 is a flowchart showing an example of the operation of the ABS control apparatus illustrated in Fig. 6. 
so Fig. 8 is a block diagram illustrating the configuration of a second embodiment in the current control apparatus of 

pulse-width modulation in accordance with the present invention. 
Fig. 9 shows a circuit example of the current control apparatus illustrated in Fig. 8. 
Fig. 10 is a timing chart in the circuit shown in Fig. 9. 

Fig. 1 1 is a block diagram illustrating the configuration of a third embodiment in the current control apparatus of 
55 pulse-width modulation in accordance with the present invention. 

Fig. 12 is a flowchart showing an operation example of the apparatus illustrated in Fig. 11. 
Fig. 13 shows a circuit example of the current control apparatus illustrated in Fig. 1 1 . 
Fig. 14 is a timing chart in the circuit shown in Fig. 13. 

Fig. 15 is a block diagram of an ABS control apparatus using the current control apparatus of Fig. 1 1. 
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Fig. 16 is a flowchart showing an example of the operation of the ABS control apparatus illustrated in Fig. 15. 

Fig. 17 is a block diagram illustrating the configuration of a fourth embodiment in the current control apparatus of 

pulse-width modulation in accordance with the present invention. 

Fig. 18 shows a circuit example of the current control apparatus illustrated in Fig. 17. 
5 Fig. 19 is a timing chart in the circuit shown in Fig. 18. 

Fig. 20 is a block diagram illustrating the configuration of a fifth embodiment in the current control apparatus of 

pulse-width modulation in accordance with the present invention. 

Fig. 21 is a flowchart showing an operation example of the apparatus illustrated in Fig. 20. 

Fig. 22 is a block diagram illustrating the configuration of a sixth embodiment in the current control apparatus of 
io pulse-width modulation in accordance with the present invention. 

Fig. 23 is a block diagram illustrating the configuration of a seventh embodiment in the current control apparatus of 

pulse-width modulation in accordance with the present invention. 

Fig. 24 is a flowchart showing an operation example of the apparatus illustrated in Fig. 23. 

Fig. 25 is a block diagram illustrating the configuration of an eighth embodiment in the current control apparatus of 
75 pulse-width modulation in accordance with the present invention. 

Fig. 26 is a flowchart showing an operation example of the apparatus in a ninth embodiment in accordance with the 

present invention. 

Fig. 27 is a flowchart showing an operation example of the apparatus in an eleventh embodiment in accordance 
with the present invention. 

20 Fig. 28 is graph showing examples of timing in the source voltage and the sampling in the current control apparatus 
of the eleventh embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



25 The preferred embodiments according to the present invention will be described below in conjunction with the 
attached drawings. 

FIRST EMBODIMENT 

30 Fig. 2 is a block diagram illustrating the configuration of a first embodiment in the current control apparatus of pulse- 
width modulation in accordance with the present invention. In Fig. 2, a current control apparatus 1 comprises a driver 2 
that controls the on-off of the current flowing into an inductive load 8, a pulse generator 3 that outputs a pulse signal for 
controlling the current f bwing in inductive load 8 into driver 2, a current detector 4 that detects the value of the current 
flowing in inductive load 8, a duty instructor 5 that receives the current value information about the current value 

35 detected by current detector 4 and calculates the duty cycle of the pulse signal output from pulse generator 3 to make 
the value of the current flowing in inductive load 8 a target value, and a feedback section 6 that feeds back the current 
caused by the counter electromotive force occurring in inductive load 8. Here Driver 2 is a driving means, pulse gener- 
ator 3 is a pulse generating means, current detector 4 is a cunent detecting means, duty instructor 5 is a duty instructing 
means, and feedback section 6 is a feedback means. 

40 Inductive load 8 is activated by switching the values of the flowing current stepwise. Its one end is connected to the 
plus terminal +Va of a DC supply Va (not illustrated), and its other end is connected to driver 2. Feedback section 6 is 
connected in parallel to inductive load 8. Driver 2 is also connected to current detector 4 and pulse generator 3. Further, 
current detector 4 is connected to duty instructor 5, which is connected to pulse generator 3. 

Driver 2 controls the current flowing in inductive load 8 by switching its on-off of the current based on the pulse sig- 

45 nal input from pulse generator 3. For example, driver 2 makes the current provided through the +Va terminal of the DC 
supply Va flow in inductive load 8, when the level of the pulse signal input from pulse generator 3 is at "H." Driver 2 
makes the current not flow in inductive load 8, when the signal level is at Current detector 4 does not detect the 
feedback current of feedback section 6, and detects only the current flowing in inductive load 8 by driver 2. The current 
value information about the value of the detected current is output into duty instructor 5. 

so Duty instructor 5 gives a duty cycle (called non- drive duty hereafter) to pulse generator 3 during non-control time 

when current control is not performed so that the current value becomes a one by which inductive load 8 does not oper- 
ate. Duty instructor 5 then instructs pulse generator 3 to output a pulse signal of the non-drive duty into driver 2. Pulse 
generator 3 outputs a pulse signal of the given non-drive duty into driver 2 so that a current (called non-drive current 
hereafter) in which inductive load 8 does not operate is made to flow in inductive load 8. Current detector 4 detects the 

55 value of the current made to flow in inductive load 8 by driver 2 and outputs current value information about the detected 
current value into duty instructor 5. 

Next, duty instructor 5 calculates beforehand, during non-control time when current control is not performed, a drive 
duty, which is a duty cycle for applying a desired current into inductive load 8 during current control time by driver 2, 
from the current value information about the current value detected by current detector 4 and the non-drive duty. Duty 
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instructor 5 then gives the calculated drive duty to pulse generator 3 during current control time. Pulse generator 3 out- 
puts a pulse signal of the duty cycle given by duty instructor 5 into driver 2. Driver 2 performs drive control of inductive 
load 8 based on the pulse signal. 

Here, the current value detected by current detector 4 is proportionate to the duty cycle of the pulse signal. There- 
fore, as a method of calculating the drive duty, drive duty instructor 5 calculates beforehand, by the following equation 
(1), the drive duty for control time when inductive load 8 is activated and current control is performed. 

Dop= D nop * top * * nap < 1 > 

where D op denotes the drive duty, D wp denotes non-drive duty, l op denotes the target current value during current con- 
trol time, and i op denotes the detected current value of the non-drive current 

Further, duty instructor 5 also determines a drive duty from time to time during current control time. The detected 
current value is proportionate to the duty cycle during current control time, if the period during which the duty cycle is 
constant (called constant drive instruction time hereafter) exceeds the period taken by the current flowing in inductive 
load 8 to be in the saturation state (called current saturation time hereafter). Therefore, duty instructor 5 calculates and 
renews the drive duty for current control time by the following equation (2) based on the above constant drive duty and 
the detected current value during the time when current flows in inductive load 8 by the pulse signal of the drive duty. 

£>op= D op2* t op / f op2' & 

where D op2 denotes the drive duty for current control time, and l op2 is the detected current value during current control 
time. 

Fig. 3 is a flowchart showing an operation example of the apparatus illustrated in Fig. 2. The operation example of 
the current control apparatus in the first embodiment is described in the following in conjunction with Fig. 3. 

In step S1 of Fig. 3, duty instructor 5 gives a predetermined non-drive duty to pulse generator 3, which outputs a 
pulse signal of the non-drive duty into driver 2. Next, in step S2, driver 2 performs drive control of inductive load 8 fol- 
lowing the pulse signal input from pulse generator 3, and duty instructor 5 waits for a predetermined time, which is the 
period taken by the current flowing in inductive load 8 to be in the saturation state. In step S3, duty instructor 5 receives 
the current value information from current detector 4, which has detected the current value by monitoring the current 
flowing in inductive load 8. 

In step S4, duty instructor 5 calculates, using the equation (1), the drive duty for control time when inductive load 8 
is activated and current control is performed. In step S5. duty instructor 5 judges whether inductive load 8 should be 
activated with current control. If inductive load 8 should be activated with current control(YES). then the operation pro- 
ceeds with step S6. 

In step S6, duty instructor 5 gives pulse generator 3 a duty cycle corresponding to a desired current to be applyed 
into inductive load 8 and obtained from the calculated newest duty and the current value information detected by current 
detector 4. Pulse generator 3 outputs a pulse signal of the duty cycle given by duty instructor 5 into driver 2, which 
drives inductive load 8. If inductive load 8 should not be activated with current control (NO), then the operation returns 
to step SI. 

Next, in step S7, duty instructor 5 compares constant drive instruction time with current saturation time. If constant 
instruction time exceeds current saturation time (YES), then the operation proceeds with step S8. In step S8. duty 
instructor 5 calculates and renews the drive duty for current control time by the equation (2) from the above constant 
drive duty and the detected current value, since the detected current value is proportionate to the duty cycle. Then the 
operation proceeds with step S9. If, in step S7. constant instruction time does not exceed current saturation time (NO), 
then the operation proceeds with step S9. In step S9, if the current control is not finished (NO), then the operation 
returns to step S7. If the current control is finished (YES), then the operation proceeds with step SI 0. In step S1 0, duty 
instructor 5 stops the current control and the operation returns to step S1 . 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is activated by the newest computation results in activating inductive load 8 and starting current control. Further, during 
the current control, the drive duty is updated as described above. Therefore, errors in the current flowing in inductive 
load 8 can be eliminated, so that the accuracy in the current value of the current flowing in inductive load 8 is improved 
for a target value. 

Fig. 4 shows a circuit example of the current control apparatus of Fig. 2. The same components as in Fig. 2 are 
denoted by the same symbols, and their descriptions are omitted here. 

In Fig. 4, current control apparatus 1 comprises a microcomputer 11. a diode 12, resistors 13, 15, 16. an NMOS- 
FET 14, and a capacitor 17. Inductive load 8 and diode 12 are connected in parallel, and the connection between the 
cathode of diode 1 2 and inductive load 8 is connected to the +Va terminal of the DC power supply Va and to microcom- 
puter 1 1 . Microcomputer 1 1 monitors the voltage of the DC power supply. 

The connection between the anode ol diode 12 and inductive load 8 is connected to the drain of NMOSFET 14. 
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The gate of NMOSFET 14 is connected to the pulse signal output terminal of microcomputer 1 1 through resistor 13. 
The source of NMOSFET 14 is grounded through resistor 15. The connection between the source of NMOSFET 14 and 
resistor 15 is connected to the A/D converter terminal of microcomputer 1 1 through resistor 16. Further, the A/D con- 
verter terminal is grounded through capacitor 1 7. 

5 Here, resistor 16 and capacitor 1 7 constitute a low-pass filter, and resistor 1 5 functions as a shunt resistor. Further, 

in Fig. 4, microcomputer 1 1 functions as pulse generator 3 and duty instructor 5. NMOSFET 14 and resistor 13 consti- 
tute driver 2. Resistor 15, 16 and capacitor 17 constitute current detector 4. Diode 12 functions as feedback section 6. 

Fig. 5 is a timing chart in the circuit shown in Fig. 4. In Fig. 5, the pulse output means a pulse signal output from 
the pulse signal output terminal of microcomputer 1 1 . The load current value means the value of the current flowing in 

io inductive load 8. The monitor voltage means the voltage input to the A/D converter terminal of microcomputer 1 1 and 
becomes the current value information about the current value detected by current detector 4. 

In Figs. 4 and 5, inductive load 8 is activated by the stepwise switching of the current flowing therein. Current control 
of pulse-width modulation is performed by using NMOSFET 14 together with the function of microcomputer 1 1 output- 
ting a pulse signal. Diode 12 makes the duty cycle approximately proportionate to the current flowing in inductive load 

is 8, and feeds back the current caused by the counter electromotive force induced in inductive load 8. When the signal 
level of the pulse signal output from microcomputer 1 1 is at "H," NMOSFET 14 is on. At this time, the value of current 
flowing in inductive load 8 is converted into voltage by the shunt resistor 15. The voltage is input to the A/D converter 
terminal of microcomputer 1 1 through the low-pass filter composed of resistor 16 and capacitor 1 7. 

In such a configuration, microcomputer 11 outputs a pulse signal of a non-drive duty to NMOSFET 14 to apply a 

20 non-drive current into inductive load 8 during non-control time when current control is not performed for activated induc- 
tive load 8. The non-drive current is in the saturation state after a while by the shunt resistor 15 and the low-pass filter 
composed of resistor 16 and capacitor 17, and a resulting constant voltage is input to the A/D converter terminal of 
microcomputer 11. If the saturation voltage value input to the A/D converter terminal is a detected voltage value 
denoted by V^,, and if the resistance value of shunt resistor 15 is denoted by R sn s> 

25 

V spl ~ 'nop x R sns x ® nop- 

From this equation and the equation (1), the following equation (3) is obtained. 

» Dop = (Dnop) 2 * Up * «sns > *V O) 

Microcomputer 1 1 calculates beforehand from the above detected voltage value and the non-drive duty the drive duty 
at the time when current control is started for inductive load 8. Further, microcomputer 11 calculates the drive duty by 
the following equation (4), for the case where constant drive instruction time exceeds current saturation time during cur- 
35 rent control time. 

Dop = (Vopzf * 'op >< * sns / ^sp/2. (4) 

where denotes the detected voltage, which is the saturation voltage value input to the A/D converter terminal at 
40 the time when the drive duty is constant for more than a predetermined period during the current control. Then micro- 
computer 1 1 renews the latest drive duty to the calculated drive duty. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is activated by the newest computation results in activating inductive load 8 and starting current control. Further, during 
current control time, the drive duty is updated as described above. Therefore, errors in the current flowing in inductive 
45 load 8 are eliminated, so that the accuracy in the current value of the current flowing in inductive load 8 is improved for 
a target value. 

Further, the detected current is converted into voltage and the converted voltage is passed through a low-pass fil- 
ter, so that the load current value of the inductive load can be detected with arbitrary timing. The current value is input 
as a voltage value, so that the arithmetic operation can be simplified, and the fluctuations of current flowing in the indue- 
so tive load caused by fluctuations of the load resistance value and the source voltage value can be eliminated. Further, 
the number of used parts can be reduced by the use of an existing microcomputer, so that the costs can be reduced. 

Fig. 6 is a block diagram of an ABS control apparatus using the current control apparatus of Fig. 2. In Fig. 6. a mas- 
ter cylinder 21 that converts the leg-power on a brake pedal 20 into brake fluid pressure is connected by a pipeline to a 
wheel cylinder 23 of a wheel brake 22 through an ABS actuator 24 that controls the braking effort by the decompres- 
55 sion, holding, and pressurization of the brake fluid pressure on wheel cylinder 23. 

Further, a wheel speed sensor 25 is installed in wheel brake 22. ABS actuator 24 is driven and controlled by a con- 
trol signal output from an electronic control circuit 26, which performs various calculations and judgments based on the 
signal input from wheel speed sensor 25. The wheel brake including the wheel cylinder and the wheel speed sensor is 
installed for each wheel, but the following descriptions are given for a representative one wheel. 
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The above ABS actuator 24 comprises a solenoid valve 30 having a solenoid 31, a reservoir 32 that temporarily 
stores excessive brake fluid of wheel cylinder 23 occurring when the brake fluid pressure on wheel cylinder 23 is 
reduced, a pump 34 that transfers the brake fluid stored in reservoir 32 into master cylinder 21 , a motor 35 that drives 
pump 34, and a check valves 36, 37, and 38. 

The port A of the valve of solenoid valve 30 is connected to master cylinder 21 by a pipeline, the port B of the valve 
of solenoid valve 30 is connected to reservoir 32 by a pipeline, and the port C of the valve of solenoid valve 30 is con- 
nected to wheel cylinder 23 by a pipeline. Further, the port C of the valve of solenoid valve 30 is connected to the port 
A by a pipeline through check valve 36, which makes brake fluid flow only in the direction from the port C to port A. 

Further, the connection between the port B of the valve of solenoid valve 30 and reservoir 32 is connected to one 
end of pump 34 by a pipeline through check valve 37. The other end of pump 34 is connected to master cylinder 21 by 
a pipeline through check valve 38. Check valve 37 makes brake fluid flow only in the direction from the connection 
between the port B and reservoir 32 to pump 34. Check valve 38 makes brake fluid flow only in the direction from pump 
34 to master cylinder 21 . 

Here solenoid valve 30 is a three-position solenoid valve having the pressurization mode, holding mode, and 
decompression mode. In the pressurization mode, the port A and the port C are connected and the port C is blocked, 
so that brake fluid flows from the port A of solenoid valve 30 to the port C. In the holding mode, all of the port A, Port B, 
and port C are blocked. In the decompression mode, the port B and the port C are connected, and the port A is blocked, 
so that brake fluid flows in the direction from the port C to the port B. 

Solenoid valve 30 switches the pressurization mode, holding mode, and decompression mode based on the value 
of the current flowing in solenoid 31. For example, if the current value is 0. then solenoid valve 30 is switched to the 
pressurization mode. If the current value is /1 , then solenoid valve 30 is switched to the holding mode, and if the current 
value is /2, then solenoid valve 30 is switched to decompression mode, where 12 > M > 0. 

Electronic control circuit 26 comprises a wheel speed calculator 40 that calculates wheel speed from the signal 
input from wheel sensor 25, a control reference speed calculator 41 that calculates a reference wheel speed for judging 
whether ABS control should be performed, a wheel state detector 42 that detects the wheel state such as whether the 
wheel is locked or not. a solenoid driver 43 that performs drive control of solenoid valve 30, a motor driver 44 that per- 
forms drive control of motor 35. a pulse generator 45 that outputs a pulse signal to solenoid driver 43 for the control of 
the current flowing in solenoid 31 . a current detector 46 that detects the value of the current flowing in solenoid 31 . a 
control judgment and calculation section 47 that receives the current value information about the current value detected 
by current detector 46 to calculate the duty cycle of the pulse signal output from pulse generator 45 so that the value of 
the currant flowing in solenoid 31 becomes a target current value, and a feedback section 48 that feeds back the current 
caused by the counter electromotive force induced in solenoid 31 . 

Wheel speed calculator 40 is connected to control reference speed calculator 41 and wheel state detector 42. Con- 
trol reference speed calculator 41 is connected to wheel state detector 42. Wheel state detector 42 is connected to con- 
trol judgment and calculation section 47. Control judgment and calculation section 47 is connected to motor driver 44 
and pulse generator 45. Pulse generator 45 is connected to solenoid driver 43. Solenoid driver 43 is connected to cur- 
rent detector 46. Current detector 46 is connected to control judgment and calculation section 47. 

Further, solenoid driver 43 is connected to one end of solenoid 31 of solenoid valve 30. The other end of solenoid 
31 is connected to the plus terminal +Va of the DC power supply. Motor driver 44 is connected to one end of motor 35. 
The other end of motor 35 is connected to the plus terminal +Va of the DC power supply. Further, feedback section 48 
is connected in parallel to solenoid 31. Solenoid valve 30. more strictly speaking, solenoid 31 of solenoid valve 30, is 
inductive load 8 of Fig. 2. Solenoid driver 43 is driver 2 of Fig. 2. Pulse generator 45 is pulse generator 3 of Fig. 2. Cur- 
rent detector 46 is current detector 4 of Fig. 2. Control judgment and calculating section 47 is duty instructor 5 of Fig. 
5. Feedback section 48 is feedback section 6 of Fig. 2. 

In the above configuration, wheel speed calculator 40 shapes the waveform of the AC signal output from wheel sen- 
sor 25 into a rectangular wave and measures a period between the edges of the rectangular wave in which voltage 
changes. Wheel speed calculator 10 then calculates wheel speed based on the period to output the wheel speed into 
control reference speed calculator 41 and wheel state detector 42. Control reference speed calculator 41 calculates a 
control reference speed corresponding to the wheel speed input from wheel speed calculator 40 to output the control 
reference speed into wheel state detector 42. 

Wheel state detector 42 judges that the wheel is not locked if the difference between the wheel speed input from 
wheel speed calculator 40 and the control reference speed input from control reference speed calculator 41 is less than 
a constant value. Wheel state detector 42 then outputs the judgment into control judgment and calculation section 47, 
which determines the non-execution of the ABS control to give a non-drive duty to pulse generator 45 so that the result- 
ing current does not activate solenoid valve 30. Pulse generator 45 outputs a pulse signal based on the drive duty into 
solenoid driver 43 so that a current in which solenoid valve 30 does not operate flows in solenoid 31 . 

At this time, current detector 46 detects the value of the current applyed by solenoid driver 43 and flowing in sole- 
noid 31 . Current detector 46 outputs the detected current value as current value information into control judgment and 
calculation section 47. Control judgment and calculation section 47 calculates beforehand the drive duty for ABS control 
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time when solenoid valve 30 is activated and current control is performed, by the equation (1) from the non-drive duty 
and the current value information about the detected current value. Current detector 46 does not detect a current 
caused by the counter electromotive force induced in solenoid 31 . 

A series of operation described above is performed with a predetermined period. When solenoid valve 30 is acti- 
vated and current control is started, solenoid valve 30 is activated with the newest computation results. 

Further, wheel state detector 42 judges that the wheel is locked if the difference between the wheel speed input 
from wheel speed calculator 40 and the control reference speed input from control reference speed calculator 41 is 
greater than a constant value. Wheel state detector 42 then outputs the judgment to control judgment and calculation 
section 47, which determines the reduction of brake fluid pressure on wheel cylinder 23 to give an appropriate drive 
duty, in this case the duty cycle 1 . to pulse generator 45 so that the current 12 flows in solenoid 31 . Control judgment 
and calculation section 47 also instructs motor drive 44 to drive motor 35. 

Pulse generator 45 outputs a pulse signal of the drive duty given by control judgment and calculation section 47 
into solenoid driver 43. Solenoid driver 43 performs the decompression mode drive based on the pulse signal so that 
the current /2 flows in solenoid 31 . Motor driver 44 drives motor 35 of pump 44 by applying a current into motor 35. 

Then each port of solenoid valve 30 is connected for the decompression mode. The brake fluid supply route from 
master cylinder 21 is blocked, and the drain route of brake fluid is open, so that the brake fluid on the side of wheel cyl- 
inder 23 flows into reservoir 32, and the pressure of brake fluid declines. When the reduction of brake fluid pressure on 
wheel cylinder 23 starts, pump 34 operates to pump up the brake fluid in reservoir 32 and recirculates it to master cyl- 
inder 21. 

Further, when determining to hold the brake fluid pressure on wheel cylinder 23, control judgment and calculation 
section 47 gives a drive duty to pulse generator 45, based on the newest computation results obtained during the time 
when ABS control was not performed, so that the current /1 fbws in solenoid 31 . Control judgment and calculation sec- 
tion 47 also instructs motor driver 44 to stop motor 35. 

Pulse generator 45 outputs a pulse signal of the drive duty given by control judgment and calculation section 47 
into solenoid driver 43. Following the pulse signal, solenoid driver 43 makes the current /1 flow in solenoid 31 of sole- 
noid valve 30 to activate solenoid 31 in the holding mode. Motor driver 44 stops motor 35 of pump 34. In this way. each 
port of solenoid valve 30 is connected for the holding mode, and the brake fluid supply route from master cylinder 21 
and the drain route of brake fluid are blocked, so that the brake fluid pressure on wheel cylinder 23 is maintained. 

Further, when the difference between the wheel speed and the control reference speed becomes less than a con- 
stant value by the reduction and holding of the brake fluid pressure on wheel cylinder 23, wheel state detector 42 judges 
that wheel locking has been avoided, and outputs the judgment to control judgment and calculation section 47. When 
determining to terminate ABS control and pressurize the brake fluid on wheel cylinder 23, control judgment and calcu- 
lation section 47 instructs motor driver 44 to stop motor 35 and gives a non-drive duty to pulse generator 45. Pulse gen- 
erator 45 outputs a pulse signal of the given non-drive duty into solenoid driver 43. Solenoid driver 43 makes solenoid 
valve 30 operate in the pressurization mode, so that the brake fluid on wheel cylinder 23 is repressurized. 

Further, control judgment and calculation section 47 also calculates and determines the drive-duty during ABS con- 
trol. If constant drive instruction time exceeds the current saturation time during ABS control, the detected current value 
is proportionate to the duty cycle. Therefore, control judgment and calculation section 47 calculates and renews the 
drive duty by the equation (2) from the constant drive duty and the detected current value during the time when a current 
is flowing in solenoid 31 by a pulse signal of the drive duty. 

Fig. 7 is a flowchart showing an example of the operation of the ABS control apparatus illustrated in Fig. 6. In the 
first step S15 of Fig. 7. control judgment and calculation section 47 gives a predetermined non-drive duty to pulse gen- 
erator 45. Pulse generator 45 outputs a pulse signal of the given non-drive duty into solenoid driver 43. Next, in step 
S16, solenoid driver 43 performs non-drive control of solenoid valve 30 following the pulse signal input from pulse gen- 
erator 45. Control judgment and calculation section 47 waits for a predetermined time, which is the time taken by the 
current flowing in solenoid valve 30 to be in the saturation state. After the predetermined time, in step S17, control judg- 
ment and calculation section 47 receives current value information about the current flowing in solenoid 31 by solenoid 
driver 43. 

In step S1 8, control judgment and calculation section 47 calculates a drive duty for control time when solenoid valve 
30 is activated and current control is performed in the case of holding brake fluid pressure from the non-drive duty and 
the current value information by the equation (1). Instep S19, wheel state detector 42 detects the wheel state from the 
wheel speed input from wheel speed calculator 40 and the control reference speed input from control reference speed 
calculator 41. In step S20, control judgment and calculation section 47 judges whether ABS control should be per- 
formed or not from the wheel state detected by wheel state detector 42. If ABS control should not be performed (No), 
then the operation returns to step 15. If ABS control should be performed (YES), then the operation proceeds with step 



In step S21 , control judgment and calculation section 47 gives pulse generator 45 the duty cycle corresponding to 
a desired current flowing in solenoid 31 obtained from the calculated newest duty cycle. Pulse generator 45 outputs a 
pulse signal of the duty cycle given by control judgment and calculation section 47 into solenoid driver 43. which per- 
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forms current control of solenoid 31 . In step 22, control judgment and calculation section 47 compares constant drive 
instruction time with current saturation time. If constant instruction time exceeds current saturation time (YES), then the 
operation proceeds with step S23. 

In step S23 f since the detected current value is proportionate to the duty cycle, control judgment and calculation 
s section 47 calculates and renews a drive duty by the equation (2) from the constant drive duty and the detected current 
value. Then the operation proceeds with step S24. If, in step S22, constant instruction time does not exceed current sat- 
uration time (NO), then the operation proceeds with step S24. In step S24, if ABS control is not finished (NO), then the 
operation returns to step S22. If, in step S24, ABS control is finished (YES), then the operation proceeds with step S25. 
In step S25, control judgment and calculation section 47 terminates ABS control, and the operation returns to step S1 5. 
70 The above series of operation is performed at a predetermined period. 

As described above, if control judgment and calculation section 47 determines the reduction of the brake fluid pres- 
sure on wheel cylinder 23 from the wheel state detected by wheel state detector 42, then control judgment and calcu- 
lation section 47 gives pulse generator 45 the duty cycle 1 , so that the current 12 flows in solenoid 31 . Pulse generator 
45 outputs a pulse signal of the duty cycle 1 into solenoid driver 43. Solenoid driver 43 performs decompression drive 
15 of solenoid 31 of solenoid valve 30 following the pulse signal so that the current 12 flows in solenoid 31 . 

Similarly, if, from the wheel state detected by wheel state detector 42, control judgment and calculation section 47 
determines to maintain the brake fluid pressure on wheel cylinder 23, then control judgment and calculation section 47 
gives pulse generator 45 the drive duty calculated beforehand so that the current /1 flows in solenoid 31 . Pulse gener- 
ator 45 outputs a pulse signal of the drive duty into solenoid driver 43. Solenoid driver 43 drives solenoid 31 of solenoid 
20 valve 30 in the holding mode, following the pulse signal, so that the current /1 flows in solenoid 31 . 

Further, if, from the wheel state detected by wheel state detector 42, control judgment and calculation section 47 
determines to terminate ABS control and the pressurization of the brake fluid on wheel cylinder 23, then control judg- 
ment and calculation section 47 gives pulse generator 45 a non-drive duty. Pulse generator 45 outputs a pulse signal 
of the non-drive duty into solenoid driver 43. Following the pulse signal, solenoid driver 43 applys a current in which 
25 solenoid valve 30 does not operate into solenoid valve 30. Control judgment and calculation section 47 calculates, from 
the current value information detected by current detector 46 and the non-drive duty, a drive duty of a pulse signal for 
driving solenoid valve 30 during ABS control. 

In the case of using the current control apparatus of the present first embodiment for the ABS control apparatus, a 
pulse signal of the duty cyde 1 is used for applying the current 12 into solenoid 31 . The duty cycle for applying the cur- 
30 rent 12 into solenoid 31 can also be calculated the same way as the duty cyde for applying the current /1 . 

In this way, the current control apparatus in the first embodiment of the present embodiment can be used for a drive 
and control apparatus for a solenoid valve in which three states are switched between the pressurization mode, holding 
mode, and decompression mode, based on the current flowing in the solenoid. As described above, at the start of the 
current control of the current flowing in the solenoid for activating solenoid valve, the solenoid valve can be activated 
35 with a drive duty obtained beforehand from the latest computation results. 

Further, a drive duty can also be determined during current control time. A series of operation described above is 
performed with a predetermined period, so that the accuracy in the value of the current flowing in the solenoid com- 
pared with a target value can be improved. Consequently, the fluctuations of the current flowing in the solenoid caused 
by the fluctuations of resistance values and voltage value of the power supply can be prevented, and the operation of 
40 the solenoid valve can be stabilized, so that the performance of ABS control can be improved. 

SECOND EMBODIMENT 

Fig. 8 is a block diagram illustrating the configuration of a second embodiment in the current control apparatus of 
45 pulse-width modulation in accordance with the present invention. In Fig. 8, the same components as in Fig. 2 are 
denoted by the same symbols, and their descriptions are omitted here. 

The current control apparatus of Fig. 8 differs from that of Fig. 2 as follows. Driver 2 is newly denoted by 51, which 
is connected to pulse generator 3. the plus terminal +Va of a DC power supply Va (not illustrated), and inductive load 
8. Inductive toad 8 is connected to current detector 4. One end of feedback section 6 is connected to the connection 
so between driver 51 and inductive load 8. The other end of feedback section 6 is connected to current detector 4. Conse- 
quently, the current caused by the counter electromotive force induced in inductive load 8 is fed back through current 
detector 4. Therefore, feedback section 6 of Fig. 2 is newly denoted by 52, and current control apparatus 1 is newly 
denoted by 50 with this change. 

In Fig. 8. current control apparatus 50 comprises a driver 51 that controls the on-off of the current flowing into an 
55 inductive load 8, a pulse generator 3 that outputs a pulse signal for controlling the current flowing in inductive load 8 into 
driver 51 , a current detector 4 that detects the value of the current flowing in inductive load 8, a duty instructor 5 that 
receives the current value information about the current value detected by current detector 4 and calculates the duty 
cycle of the pulse signal output from pulse generator 3 to make the value of the current flowing in inductive load 8 a 
target value, and a feedback section 52 that feeds back the current caused by the counter electromotive force occurring 



18 



:nrv^in «-cd n-7-7apr»i ao i «. 



EP0 779 631 A2 



in inductive load 8. Here Driver 51 is a driving means, and feedback section 52 is a feedback means. 

Inductive load 8 is driven by switching the values of the current flowing therein stepwise. Its one end is connected 
to the plus terminal +Va of a DC supply Va (not illustrated), and its other end is connected to current detector 4. One 
end of feedback section 52 is connected to the connection between driver 51 and inductive load 8. The other end of 

5 feedback section 52 is connected to current detector 4. Driver 51 is connected to pulse generator 3. Further, current 
detector 4 is connected to duty instructor 5, which is connected to pulse generator 3. 

Driver 51 controls the current flowing in inductive load 8 by on-off of the current based on the pulse signal input from 
pulse generator 3. For example, driver 51 makes the cunent provided through the + Va terminal of the DC supply Va flow 
in inductive load 8, when the level of the pulse signal input from pulse generator 3 is at "H." Driver 2 makes the current 

10 not flow in inductive load 8, when the signal level is at "L" Current detector 4 does detect the feedback current of feed- 
back section 52, and detects the current value of the current flowing in inductive load 8 to output the current value infor- 
mation about the detected current value into duty instructor 5. Pulse generator 3 outputs a pulse signal of the duty cycle 
calculated by duty instructor 5 into driver 51 . Driver 51 performs drive control of inductive load 8 following the pulse sig- 
nal. 

is Duty instructor 5 gives a non-drive duty to pulse generator 3 during non-control time when current control is not per- 

formed and instructs pulse generator 3 to output a pulse signal of the non-drive duty into driver 51 . Pulse generator 3 
outputs a pulse signal of the given drive duty into driver 51 so that a non-drive current is made to flow thereby in induc- 
tive load 8. Current detector 4 detects the value of the current flowing in inductive load 8 and outputs current value infor- 
mation about the detected current into duty instructor 5. 

20 The method of calculating a drive duty by duty instructor 5 is the same as the one in the first embodiment, so that 
it is omitted here. Duty instructor 5 also determines a drive duty during current control time, and calculates and renews 
the drive duty during current control time as in the first embodiment. 

A flowchart showing the operation of the apparatus of Fig. 8 is the same as that shown in Fig. 3. The description is 
omitted also, because they are the same except that driver 2 is replaced by driver 51 . 

25 Further, as in the first embodiment, a series of operation described above is periodically performed with a prede- 
termined period, and similar effects can be obtained as in the first embodiment. 

Fig. 9 shows a circuit example of the current control apparatus of Fig. 8. The same components as in Fig. 4 are 
denoted by the same symbols, and their descriptions are omitted here. 

In Fig. 9, current control apparatus 50 comprises a microcomputer 60, a diode 12, resistors 15, 16, 61 , 62, 64. 65, 

30 a capacitor 17. an NPN transistor 63. and a PMOSFET 66. Inductive load 8 and shunt resistor 15 are connected in 
series, and diode 12 is connected in parallel to the serial circuit. The connection between diode 12 and shunt resistor 
15 is grounded. 

The connection between the cathode of diode 12 and inductive load 8 is connected to the drain of PMOSFET 66. 
The source of PMOSFET 14 is connected to the +Va terminal of a DC power supply Va and to microcomputer 60. Micro- 
35 computer 60 monitors the source voltage of the DC power supply. 

The gate of PMOSFET 66 is connected to the collector of NPN transistor 63 through the serial circuit of resisters 
61 and 62. The emitter of NPN transistor 63 is grounded, and its base is connected to the pulse signal output terminal 
of microcomputer 60 through resistor 64. The connection between the resistors 61 and 62 is connected to the +VA ter- 
minal through resistor 65. Further, the connection between inductive load 8 and resistor 1 5 is connected to the A/D con- 
40 verter terminal of microcomputer 60 through resistor 16. Further, the A/D converter terminal is grounded through 
capacitor 17. 

As in Fig. 4, resistor 16 and capacitor 17 constitute a Low-pass filter. Further, in Fig. 9, microcomputer 60 functions 
as pulse generator 3 and duty instructor 5 of Fig. 8. Resistors 61 , 62, 64, 65, NPN transistor 63, and PMOSFET 66 con- 
stitute driver 51 of Fig. 8. Resistor 15, 16 and capacitor 17 constitute current detector 4 of Fig. 8. Diode 12 functions as 
45 feedback section 52 of Fig. 8. 

Fig. 10 is a timing chart in the circuit shown in Fig. 9. In Fig. 10, the pulse output means a pulse signal output from 
the pulse signal output terminal of microcomputer 60. The load current value means the value of the current flowing in 
inductive load 8. This value is the same as the current value detected by shunt resistor 15. The monitor voltage means 
the voltage input to the A/D converter terminal of microcomputer 60 and becomes the current value information about 
so the current value detected by current detector 4. 

In Figs. 9 and 10. inductive load 8 is driven by the stepwise switching of the current flowing therein. Current control 
of pulse-width modulation is performed by using PMOSFET 66 together with the function of microcomputer 60 output- 
ting a pulse signal and NPN transistor 63. Diode 12 makes the duty cycle approximately proportionate to the current in 
inductive load 8, and feeds back the current caused by the counter electromotive force induced in inductive load 8. If 
55 the signal level of the pulse signal output from microcomputer 60 is at n H," then NPN transistor 63 is turned on. and then 
PMOSFET 66 is turned on. At this time, the value of current flowing in inductive load 8 is converted into voltage by the 
shunt resistor 15. The voltage is input to the A/D converter terminal of microcomputer 60 through the low-pass filter 
composed of resistor 16 and capacitor 17. 

In such a configuration, microcomputer 60 outputs a pulse signal of a non-drive duty to the base of NPN transistor 
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63 during non-control time when current control is not performed with activated inductive load 8. Following this move, 
PMOSFET 66 applys a non-drive current into inductive load 8. The non-drive current is in the saturation state after a 
while by the shunt resistor 1 5 and the low-pass filter composed of resistor 1 6 and capacitor 1 7, and a resulting constant 
voltage is input to the AID converter terminal of microcomputer 60. H the saturation voltage value input to the A/D con- 
verter terminal is a detected voltage value denoted by Vsp,, and if the resistance value of shunt resistor 15 is denoted 

by R sns. 



Vspl - 'nop x R sns- 

From this equation and the equation (1), the following equation (5) is obtained. 

D op = D nop * 'op x R sns 1 V spl> (5) 

Microcomputer 60 calculates beforehand from the above detected voltage value and the non-drive duty the drive duty 
at the time when current control is started for inductive load 8. Further, microcomputer 60 calculates the drive duty by 
the above equation (4), for the case where constant drive instruction time exceeds current saturation time during current 
control time. Then microcomputer renews the latest drive duty to the calculated drive duty. 

A series of operation described above is periodically performed with a predetermined period, and effects similar to 
those of the first embodiment can be obtained. 

The apparatus of the second embodiment can be used for an ABS control apparatus as the first embodiment. For 
that purpose, solenoid driver 43 is connected pulse generator 45, the plus terminal +Va of the DC power supply Va (not 
illustrated), and one end of solenoid 31 . The other end of solenoid 31 is connected to current detector 46. One end of 
feedback section 48 connected to the connection between solenoid driver 43 and inductive load 8. The other end of 
feedback section 48 is connected to current detector 46, so that the current caused by the counter electromotive force 
induced in solenoid 31 is fed back through current detector 46. The other part of the description is the same as in the 
first embodiment and omitted here. 



THIRD EMBODIMENT 

Fig. 11 is a block diagram illustrating the configuration of a third embodiment in the current control apparatus of 
pulse-width modulation in accordance with the present invention. In Fig. 11, the same components as in Fig. 2 are 
denoted by the same symbols, and their descriptions are omitted here. Only those points different from Fig. 2 are 
described in the following. 

The current control apparatus of Fig. 1 1 differs from that of Fig. 2 as follows. A pulse timer (not illustrated) is 
installed in pulse generator of Fig. 2, so that the elapsed time from the time when the current provided through the +Va 
terminal of the DC power supply starts to flow in inductive load 8 is measured. Pulse generator 71 outputs the measured 
elapsed time into duty instructor 5 as pulse signal information. Duty instructor 5 detects the timing for monitoring the 
current value from current detector 4 based on the pulse signal information input from pulse generator 71 and the non- 
drive duty that duty instructor 3 has given to pulse generator 71 . Duty instructor 5 then receives the current value infor- 
mation about the current value detected by current detector 4 following the detected timing. With these changes, pulse 
generator 71 is newly denoted by 71, and duty instructor 5 is newly denoted by 72, and current control apparatus 1 is 
newly denoted by 70. 

In Fig. 1 1 , current control apparatus 70 comprises a driver 2 that controls the on-off of the current flowing into an 
inductive load 8, a pulse generator 71 that outputs a pulse signal for controlling the current flowing in inductive load 8 
into driver 2 and outputs pulse signal information about the pulse signal measured by the pulse timer into a duty instruc- 
tor 72, a current detector 4 that detects the value of the current flowing in inductive load 8, the duty instructor 72 that 
detects the timing for monitoring the current value from current detector 4 based on the pulse signal information from 
pulse generator 71 and the non-drive duty given to pulse generator 71 , receives current value information about the cur- 
rent value detected by current detector 4 following the detected timing, and calculates a duty cycle of the pulse signal 
output from pulse generator 71 so that the value of the current flowing in inductive load 8 becomes a target current 
value, and a feedback section 6 that feeds back the current caused by the counter electromotive force occurring in 
inductive load 8. Here pulse generator 71 is a pulse generating means, and duty instructor 72 is a duty instructing 
means. 

Inductive load 8 is driven by switching the values of the current flowing therein stepwise. Its one end is connected 
to the plus terminal +Va of a DC supply Va (not illustrated), and its other end is connected to driver 2. Feedback section 
6 is connected in parallel to inductive load 8. Driver 2 is connected to current detector 4 and pulse generator 71 . Current 
detector 4 is connected to duty instructor 72. Duty instructor 72 is connected to pulse generator 71. 

Driver 2 controls the current flowing in inductive load 8 by switching the on-off of the current based on the pulse 
signal input from pulse generator 71 . For example, driver 2 makes the current provided through the +Va terminal of the 
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DC supply Vaflow in inductive load 8. when the level of the pulse signal input from pulse generator 71 is at "H". Driver 
2 makes the current not flow in inductive load 8, when the signal level is at "L". 

Duty instructor 72 gives a non-drive duty to pulse generator 71 during non-control time to make pulse generator 71 
to output a pulse signal of the non-drive duty into driver 2. Pulse generator 71 outputs a pulse signal of the given drive 

5 duty into driver 2 so that a non-drive current is made to flow thereby in inductive load 8. Pulse generator 71 also meas- 
ures, using the pulse timer, pulse signal information about the pulse signal output to driver 2, that is, the elapsed time 
from the time when the pulse signal of the non-drive duty output from pulse generator 71 into driver 2 is detected to 
become at "IT level, to output the measured time into duty instructor 72. 

Next, duty instructor 72 detects the timing for receiving the current value information about the detected current 

io value from current detector 4, that is, a period when a current flows in inductive load 8 by driver 2. Duty instructor 72 
then receives the current value information from current detector 4, during the period, at the saturation time when the 
changes in the average value of the current flowing in inductive load 8 per unit time become small within a predeter- 
mined value. Duty instructor 72 then calculates a drive duty, which is a duty cycle for applying a desired current into 
inductive load 8 during current control time by driver 2, from the current value information and the non-drive duty. Duty 

is instructor 72 then gives the calculated drive duty to pulse generator 71 during current control time. Pulse generator 71 
outputs a pulse signal of the duty cycle given by duty instructor 72 into driver 2. Driver 2 performs drive control of induc- 
tive load 8 based on the pulse signal. 

Here, the method of calculating the drive duty is as follows. Drive duty instructor 72 receives the current value infor- 
mation from current detector 4, during the period, at the saturation time when a current flows in inductive load 8 by 

20 driver 2. Drive duty instructor 72 then calculates, by the following equation (6), a drive duty for control time when induc- 
tive toad 8 is activated and current control is performed. 

^ op ~ D nQ p x / Q p 

25 where 7^, is detection time and Ff/^p, D^p) is a function that gives the average current value from the detected 

current value, detection time, and the non-drive duty. 

Further, duty instructor 72 also determines a drive duty during current control time. The detected current value is 

proportionate to the duty cycle during current control time, if constant drive instruction time exceeds current saturation 

time. Therefore, duty instructor 72 calculates and renews the drive duty for current control time by the following equation 
30 (7) based on the above constant drive duty, the detected current value during the time when current flows in inductive 

load 8 by the pulse signal of the drive duty, and detection time that is the elapsed time from a rise of the pulse signal to 

the receiving of the detected current value. 

°o P = D op2 x l op I G(/ op2 . T^, D op2 ) (7) 

35 

where G(/ op2 , 7" sp/> 0 op2 ) is a function that gives the average current value from the detected current value during cur- 
rent control time, detection time, and the drive duty. 

Fig. 1 2 is a flowchart showing an operation example of the apparatus illustrated in Fig. 1 1 . The operation example 
of the current control apparatus in the third embodiment is described in the following in conjunction with Fig. 12. In the 

ao change from the first embodiment to the third embodiment, duty instructor 5 is changed into duty instructor 72, pulse 
generator 3 is changed into pulse generator 71, and current control apparatus 1 is changed into current control appa- 
ratus 70 with these changes. The same processing as in Fig. 3 with these changes is denoted by the same symbols, 
and their descriptions are omitted here, and only those different from Fig. 3 are described in the following. 

The flowchart of Fig. 12 differs from the one of Fig. 3 in the following points. The processing of step S3 in Fig. 3 is 

45 replaced by the processing of step S31 . The processing of step S4 in Fig. 3 is replaced by the processing of step S32. 
The processing of step S8 in Fig. 3 is replaced by the processing of step S33. Duty instructor 5 is changed into duty 
instructor 72, pulse generator 71 is changed into pulse generator 71, and current control apparatus 1 is changed into 
current control apparatus 70 with these changes. 

In Fig. 12, after the processing of step S2, the operation proceeds with step S31. In step S31 , duty instructor 72 

50 detects a period when a current flows in inductive load 8 by driver 2 from the pulse signal information, that is, time infor- 
mation input from pulse generator 71 , and the non-drive duty. Duty instructor 72 then receives the detected current 
value information from current detector 4 during the detected period. Next, in step S32, duty instructor 72 calculates a 
drive duty for control time when inductive load 8 is activated and current control is performed, using the equation (6). 
from the non-drive duty, the current value about the detected current value, and detection time that is the time informa- 

55 tion. Then the processing from step S5 to S7 in Fig. 3 is performed. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is driven by the newest computation results in activating inductive load 8 and starting current control. Further, during the 
current control, the drive duty is updated as described above. Therefore, errors in the current flowing in inductive load 
8 are eliminated, so that the accuracy in the current value of the current flowing in inductive load 8 is improved for a 
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target value. 

Rg. 1 3 shows a circuit example of the current control apparatus of Fig. 1 1 . The same components as in Fig. 4 are 
denoted by the same symbols, their descriptions are omitted here, and only points different from Fig. 4 are described 
in the following. 

Fig . 1 3 differs from Fig. 4 in that the filter circuit composed of resistor 1 6 and capacitor 1 7 is discarded, and micro- 
computer 11 in Rg. 4 is changed into microcomputer 75 with this change. The connection between the source of 
NMOSFET 1 4 and resistor 15 is connected to the A/D converter terminal of microcomputer 75. 

Here, in Fig. 13, resistor 15 functions as a shunt resistor. Microcomputer 75 functions as pulse generator 71 and 
duty instructor 72. NMOSFET 14 and resistor 13 constitute driver 2. Resistor 15 functions as current detector 4. 

Rg. 14 is a timing chart in the circuit shown in Fig. 13. In Fig. 14, the pulse output means a pulse signal output from 
the pulse signal output terminal of microcomputer 75. The load current value means the value of the current flowing in 
inductive load 8. The monitor voltage means the voltage input to the A/D converter terminal of microcomputer 75 and 
becomes the current value information about the current value detected by current detector 4. 

In Figs. 1 3 and 1 4, inductive load 8 is driven by the stepwise switching of the current flowing therein. Current control 
of pulse-width modulation is performed by using NMOSFET 14 together with the function of microcomputer 75 output- 
ting a pulse signal. Diode 12 makes the duty cycle approximately proportionate to the current in inductive load 8, and 
feeds back the current caused by the counter electromotive force induced in inductive load 8. If the signal level of the 
pulse signal output from microcomputer 75 is at "H," then NMOSFET 14 is on. At this time, the value of current flowing 
in inductive load 8 is converted into voltage by the shunt resistor 15. The voltage is input to the A/D converter terminal 
of microcomputer 75. 

In such a configuration, microcomputer 75 outputs a pulse signal of a constant non-drive duty to NMOSFET 14 
through resistor 1 3 to apply a non-drive current into inductive load 8 during non-control time when current control is not 
performed for activated inductive load 8. At this time, microcomputer 75 measures the elapsed time from a rise of the 
signal output to NMOSFET 14, using a built-in timer (not illustrated). Microcomputer 75 then obtains the timing for 
receiving the detected voltage value, which has been converted into voltage from the non-drive current by shunt resistor 
1 5, from the measured time and the non-drive duty. That is, microcomputer 75 detects a period when a current flows in 
inductive load 8 by NMOSFET 14. 

Microcomputer 75 waits for a predetermined time, which is the time taken by the current flowing in inductive load 8 
to be in the saturation state after changes in the average current value during the detected period become small within 
a predetermined value. After the predetermined time, microcomputer 75 then receives the detected voltage value dur- 
ing the period. 

In this way, the timing for microcomputer 75 to receive the detected voltage value is limited to the time when the 
signal input to the gate of NMOSFET 14 is at "H." Further, the detected voltage does not become constant. Therefore, 
the detected voltage V^i depends on time, so that the detected current value l nop becomes 

'nop 88 H t( V spl» ^sp/« D nop)f ^sns* 

where H 1 ( V sph D nop ) is a function that gives the average voltage value from the detected voltage value, detection 
time, and the non-drive duty. Therefore, the following equation (8) is derived from this equation and the equation (1). 

Dop - °nop * lop * *sns ' H l( V sp,- & nop)* < 8 > 

Microcomputer 75 calculates beforehand from the above detected voltage value and the non-drive duty the drive duty 
at the time when inductive load 8 is activated and current control is performed. 

Further, microcomputer 75 calculates the drive duty by the following equation (9). for the case where constant drive 
instruction time exceeds current saturation time during current control time. Then microcomputer renews the latest drive 
duty to the calculated drive duty. 

D op = D op2 x l op x R sns / H^V^.T^, D op2 ), v (9) 

where H^V^,, T spl> D^) is a function that gives the average current value from the detected voltage value, detection 
time, and the drive duty for current control time. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is activated by the newest computation results in activating inductive load 8 and starting current control. Further, during 
the current control, the drive duty is updated as described above. Therefore, errors in the current flowing in inductive 
load 8 are eliminated, so that the accuracy in the current value of the current flowing in inductive load 8 is improved for 
a target value. Further, the current detector does not require a filter circuit, and the number of used parts can be 
reduced by the use of an existing microcomputer, so that the costs can be reduced. 

The function H 1 in the equation (8) is originally an exponential function, but it can be regarded as a linear function 
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if the pulse period of the pulse signal is sufficiently small. If changes in the detected voltage are approximated by a lin- 
ear function, then the ratio of detection time to the period of "H" in the pulse signal can be calculated to correct the 
detected voltage based on the ratio. Therefore, for example, the difference between the center value of a period of "IT 
in the pulse signal and detection time is multiplied by a proportional coefficient to be added to the detected current value 
5 to obtain the following equation (10). 

" t ( V sp! . T^, D^) = V# + ax( T pwm x - T^), (10) 

where 0 ^ T^, < T pwm ; a is the slope of detected voltage; and T pwm is the period of the pulse signal. 
10 As described above, a drive duty is calculated based on one-time sampling data. If the drive duty is calculated 
based on multiple sampling data as shown in the following equations (1 1) and (12), errors due to noise in detected volt- 
age values can be made small. 

m 

75 %/ = ZV" ( 11 > 

/=! 
m 

20 ,=1 



Next. Fig. 15 is a block diagram of an ABS control apparatus that uses the current control apparatus of Fig. 1 1 . In 
Fig. 15, the same components as in Fig. 6 are denoted by the same symbols, and their descriptions are omitted here. 

25 Only points different from Fig. 6 are described here. 

Fig. 1 5 differs from Fig. 6 in that a pulse timer (not illustrated) for measuring the period of the pulse signal output to 
solenoid driver 43 is installed in pulse generator 45. Then, pulse generator measures the elapsed time from a rise to a 
fall of the pulse signal to output the measured time into control judgment and calculation section 47 as pulse signal infor- 
mation. Control judgment and calculation section 47 detects the timing for monitoring the current value from current 

30 detector based on the pulse signal information input from pulse generator 45. Control judgment and calculation section 
47 receives the current value information about the current value detected by current detector 46 following the detected 
timing. Therefore, pulse generator 45 is changed into pulse generator 81, control judgment and calculation section 47 
is changed into control judgment and calculation section 82, and electronic control circuit 26 is changed into electronic 
control circuit with these changes. 

35 In Fig. 15, ABS actuator 24 is driven and controlled by a control signal output from an electronic control circuit 80, 
which performs various calculations and judgments based on the signal input from wheel speed sensor 25. The wheel 
brake including the wheel cylinder and the wheel speed sensor is installed for each wheel, but the following descriptions 
are given for a representative one wheel. 

Electronic control circuit 80 comprises a wheel speed calculator 40, a control reference speed calculator 41, a 

40 wheel state detector 42, a solenoid driver 43, a motor driver 44, a pulse generator 81 that outputs a pulse signal to sole- 
noid driver 43 for control of the current flowing in solenoid 31 and outputs into a control judgment and calculation section 
82 the pulse signal information about the pulse signal detected by the pulse timer, a current detector 46, the control 
judgment and calculation section 82 that detects the timing for monitoring the current value from current detector 46, 
receives the current value information about the current value detected by current detector 46 following the detected 

45 timing, and calculates the duty cycle of the pulse signal output from pulse generator 45 so that the value of the current 
flowing in solenoid 31 becomes a target current value, and a feedback section 48 that feeds back the current caused 
by the counter electromotive force induced in solenoid 31 . 

Wheel state detector 42 is connected to control judgment and calculation section 82. Control judgment and calcu- 
lation section 82 is connected to motor driver 44 and pulse generator 81. Pulse generator 81 is connected to solenoid 

so driver 43. Solenoid driver 43 is connected to current detector 46. Current detector 46 is connected to control judgment 
and calculation section 82. Solenoid valve 30, more strictly speaking, solenoid 31 of solenoid valve 30. is inductive load 
8 of Fig. 1 1 . Solenoid driver 43 is driver 2 of Fig. 1 1 . Pulse generator 81 is pulse generator 41 of Fig. 1 1 . Current detec- 
tor 46 is current detector 4 of Fig. 1 1 . Control judgment and calculating section 82 is duty instructor 72 of Fig. 1 1 . Feed- 
back section 48 is feedback section 6 of Fig. 1 1 . 

55 In the above configuration, wheel state detector 42 judges that the wheel is not locked if the difference between the 
wheel speed input from wheel speed calculator 40 and the control reference speed input from control reference speed 
calculator 41 is less than a constant value. Wheel state detector 42 then outputs the judgment to control judgment and 
calculation section 82, which determines the non-execution of ABS control to give a constant non-drive duty to pulse 
generator 81 so that the resulting current does not activate solenoid valve 30. Pulse generator 81 outputs a pulse signal 
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of a constant drive-duty into solenoid driver 43 so that a current by which solenoid valve 30 does not operate flows in 
solenoid 31. 

At this time, current detector 46 detects the value of the current flowing in solenoid 31 . Current detector 46 outputs 
the detected current value as current value information into control judgment and calculation section 82. Control judg- 
5 ment and calculation section 82 detects the timing for receiving the current value information from current detector 46, 
that is, a period when a current flows in solenoid 31 by solenoid driver 43. Control judgment and calculation section 82 
then receives the current value information from current detector 46, during the period, at the saturation time when the 
changes in the average value of the current flowing in solenoid 31 per unit time become small within a predetermined 
value. Control judgment and calculation section 82 then, using the equation (4), calculates beforehand a drive duty, 
10 which is a duty cycle for applying a desired current into solenoid 31 during current control time by solenoid driver 43, 
from the current value information, detection time that is the elapsed time from a rise of the pulse signal to the receiving 
of the current value information, and the non-drive duty. 

The above series of operation is performed with a predetermined period. When solenoid valve 30 is activated and 
current control is started, solenoid valve 30 is activated with the newest computation results. 
75 Further, wheel state detector 42 judges that the wheel is locked if the difference between the wheel speed input 

from wheel speed calculator 40 and the control reference speed input from control reference speed calculator 41 is 
greater than a constant value. Wheel state detector 42 then outputs the judgment to control judgment and calculation 
section 82, which determines the reduction of brake fluid pressure on wheel cylinder 23 to give an appropriate drive 
duty, in this case the duty cycle 1, to pulse generator 81 so that the current 12 flows in solenoid 31. Control judgment 
20 and calculation section 82 also instructs motor drive 44 to drive motor 35. 

Pulse generator 81 outputs a pulse signal of the drive duty given by control judgment and calculation section 82 
into solenoid driver 43. Solenoid driver 43 performs the decompression mode drive based on the pulse signal so that 
the current 12 flows in solenoid 31 . Motor driver 44 drives motor 35 of pump 44 by applying a current into motor 35. 
Further, when determining to hold the brake fluid pressure on wheel cylinder 23, control judgment and calculation 
25 section 82 gives a drive duty to pulse generator 81 based on the newest computation results obtained during the time 
when ABS control was not performed so that the current /I flows in solenoid 31 . Control judgment and calculation sec- 
tion 82 also instructs motor driver 44 to stop motor 35. 

Pulse generator 81 outputs a pulse signal of the drive duty given by control judgment and calculation section 82 
into solenoid driver 43. Solenoid driver 43 makes the current /1 flow in solenoid 31 of solenoid valve 30 following the 
30 pulse signal to activate solenoid 31 in the holding mode. Motor driver 44 stops motor 35 of pump 34. 

Further, when the difference between the wheel speed and the control reference speed becomes less than a con- 
stant value by the reduction and holding of the brake fluid pressure on wheel cylinder 23, wheel state detector 42 judges 
that wheel locking has been avoided, and outputs the judgment to control judgment and calculation section 82. When 
determining to terminate ABS control and pressurize the brake fluid on wheel cylinder 23, control judgment and calcu- 
35 lation section 82 instructs motor driver 44 to stop motor 35 and gives a non-drive duty to pulse generator 81 . Pulse gen- 
erator 81 outputs a pulse signal of the given non-drive duty into solenoid driver 43. Solenoid driver 43 makes solenoid 
valve 30 operate in the pressurization mode, so that the brake fluid on wheel cylinder 23 is repressurized. 

Further, control judgment and calculation section 82 also calculates and determines the drive-duty during ABS con- 
trol. If constant drive instruction time exceeds current saturation time during ABS control, the detected current value is 
40 proportionate to the duty cycle. Therefore, control judgment and calculation section 47 calculates and renews the drive 
duty by the equation (7) from the constant drive duty, the detected current value during the time when a current is flow- 
ing in solenoid 31 by a pulse signal of the drive duty, and detection time that is the elapsed time from a rise of the pulse 
signal of the drive duty to the receiving of the detected current value. 

Fig. 1 6 is a flowchart showing an example of the operation of the ABS control apparatus illustrated in Fig. 1 5. In the 
45 following description of Fig. 16, control judgment and calculation section 47 is changed into control judgment and cal- 
culation section 82. pulse generator 45 is changed into pulse generator 81 , and electronic control circuit 26 is changed 
into electronic control circuit 80 with these changes. The same processing as in Fig. 7 is denoted by the same symbol, 
and its description is omitted here. Only those points different from Fig. 7 are described here. 

Fig. 1 6 differs from Fig. 7 as follows. The processing of step S1 7 in Fig. 7 is replaced by the processing of step S35. 
so The processing step S18 in Fig. 7 is replaced by the processing of step S36. The processing step of S23 in Fig. 7 is 
replaced by the processing of step S37. Control judgment and calculation section 47 is changed into control judgment 
and calculation section 82. Pulse generator 45 is changed into pulse generator 81, and electronic control circuit 26 is 
changed into electronic control circuit 80 with these changes. 

In Fig. 1 6, after the processing of step S1 6. the operation proceeds with step S35. In step 35, control judgment and 
55 calculation section 82 detects, from the pulse signal information input from pulse generator 81 . that is, time information, 
and the non-drive duty, the period when a current flows in solenoid 31 by solenoid driver 43. Control judgment and cal- 
culation section 82 then receives, during the detected period, the detected current value from current detector 46 as 
current value information. Next, in step S36, control judgment and calculation section 82 calculates, from the non-drive 
duty, the current value information about the detected current value, and detection time that is the time information, a 
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drive duty for control time when solenoid valve 30 is activated and current control is performed. Then the operation pro- 
ceeds with the processing from step S19 to step S22. 

Next, in step S22, if constant instruction time exceeds current saturation time (YES), then the operation proceeds 
with step S37. In step S37, control judgment and calculation section 82 calculates a drive duty from the equation (7) 

5 and performs the same processing as step S24 on in Fig. 7. 

As described above, if control judgment and calculation section 82 determines the reduction of the brake fluid pres- 
sure on wheel cylinder 23 from the wheel state detected by wheel state detector 42, control judgment and calculation 
section 47 gives pulse generator 81 the duty cycle 1 , so that the current 12 flows in solenoid 31 . Pulse generator 81 out- 
puts a pulse signal of the duty cycle 1 into solenoid driver 43. Solenoid driver 43 performs decompression drive of sole- 

w noid 31 of solenoid valve 30 following the pulse signal so that the current 12 flows in solenoid 31 . 

Similarly, if, from the wheel state detected by wheel state detector 42, control judgment and calculation section 82 
determines to maintain the brake fluid pressure on wheel cylinder 23, then control judgment and calculation section 47 
gives pulse generator 81 the drive duty calculated beforehand so that the current /1 flows in solenoid 31 . Pulse gener- 
ator 81 outputs a pulse signal of the drive duty into solenoid driver 43. Solenoid driver 43 drives solenoid 31 of solenoid 

75 valve 30 in the holding mode, following the pulse signal, so that the current /1 f tows in solenoid 31 . 

Further, if, from the wheel state detected by wheel state detector 42, control judgment and calculation section 82 
determines to terminate ABS control and the pressurization of the brake fluid on wheel cylinder 23. then control judg- 
ment and calculation section 82 gives pulse generator 81 a non-drive duty. Pulse generator 81 outputs a pulse signal 
of the non-drive duty into solenoid driver 43. Following the pulse signal, solenoid driver 43 applys a current in which 

20 solenoid valve 30 does not operate into solenoid valve 30. Control judgment and calculation section 82 calculates a 
drive duty of a pulse signal for driving solenoid valve 30 during ABS control, from the current value information detected 
by current detector 46 and the non-drive duty. 

In the case of using the current control apparatus of the present third embodiment for ABS control apparatus, a 
pulse signal of the duty cycle 1 is used for applying the current /2 into solenoid 31 . The duty cycle for applying the cur- 

25 rent 12 into solenoid 31 can also be calculated the same way as the duty cycle for applying the current /1 . 

In this way, the current control apparatus in the third embodiment of the present embodiment can be used for a 
drive and control apparatus for a solenoid valve in which three states are switched between the pressurization mode, 
holding mode, and decompression mode based on the current flowing in the solenoid. As described above, at the start 
of the current control of the current flowing in the solenoid for activating solenoid valve, the solenoid valve can be driven 

30 with a drive duty obtained beforehand from the latest computation results. 

Further, a drive duty can also be determined during current control time. A series of operations described above is 
performed with a predetermined period, so that the accuracy in the value of the current flowing in the solenoid com- 
pared with a target value can be improved. Consequently, the fluctuations of the current flowing in the solenoid caused 
by the fluctuations in the resistance value of the solenoid and the voltage value of the power supply can be prevented, 

35 and the operation of the solenoid valve can be stabilized, so that the performance of ABS control can be improved. 

FOURTH EMBODIMENT 

Fig. 17 is a block diagram illustrating the configuration of a fourth embodiment in the current control apparatus of 
40 pulse-width modulation in accordance with the present invention. In Fig. 17, the same components as in Figs. 8 and 1 1 
are denoted by the same symbols, and their descriptions are omitted here. Only those points different from Fig. 1 1 are 
described in the following. 

The current control apparatus of Fig. 17 differs from that of Fig. 1 1 as follows. Driver 2 in Fig. 1 1 is changed into 
driver 51 , which is connected to pulse generator 71 , the plus terminal +Va of the DC power supply Va (not illustrated), 

45 and inductive load 8. Inductive load 8 is connected to current detector 4. One end of feedback section 6 in Fig. 1 1 is 
connected to the connection between driver 51 and inductive load 8. The other end of feedback section 6 is connected 
to current detector 4, and the current caused by the counter electromotive force induced in inductive load 8 is fed back 
through current detector 4. Feedback section 6 of Fig. 1 1 is changed into feedback section 52, and cunent control appa- 
ratus 70 is changed into 90 with these changes. 

so In Fig. 1 7, current control apparatus 90 comprises a driver 51 that controls the on-off of the current flowing into an 

inductive load 8, a pulse generator 71 that outputs a pulse signal for controlling the current flowing in inductive load 8 
into driver 51 and outputs pulse signal information about the pulse signal measured by a pulse timer into duty instructor 
72, a current detector 4 that detects the value of the current flowing in inductive load 8, a duty instructor 72 that judges, 
based on the pulse signal information from pulse generator 71 , whether the current value information input from current 

55 detector with arbitrary timing is the information during the time when a current due to the counter electromotive force is 
flowing in inductive load 8 or not, and calculates, based on the judgment, a duty cycle of the pulse signal output from 
pulse generator 71 so that the value of the current flowing in inductive load 8 becomes a target current value, and a 
feedback section 52 that feeds back the current caused by the counter electromotive force occurring in inductive load 
8. Here pulse generator 71 is a pulse generating means, and duty instructor 72 is a duty instructing means. 
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Driver 51 controls the current flowing in inductive load 8 by the on-off of the current based on the pulse signal input 
from pulse generator 71 . For example, driver 51 makes the current provided through the +Va terminal of the DC supply 
Va flow in inductive load 8, when the level of the pulse signal input from pulse generator 71 is at "H". Driver 2 makes the 
current not flow in inductive load 8, when the signal level is at W L". 

Duty instructor 72 gives a non-drive duty to pulse generator 71 during non-control time to instruct pulse generator 
71 to output a pulse signal of the non-drive duty into driver 51 . Pulse generator 71 outputs a pulse signal of the given 
drive duty into driver 51 so that a non-drive current is made to flow thereby in inductive load 8. Pulse generator 71 also 
measures, using the pulse timer, pulse signal information about the pulse signal to be output to driver 51. that is, the 
elapsed time from the time when the pulse signal of the non-drive duty output from pulse generator 71 into driver 51 is 
detected to become at "IT level, to output the measured time into duty instructor 72. 

Next, duty instructor 72 receives current value information about the detected current value from current detector 4 
at the saturation time when changes in the average value of the current flowing in inductive load 8 per unit time become 
small within a predetermined value, and receives time information about the time when the current value was received, 
from pulse generator 71 . Duty instructor 72 then detects whether the time it received the current value information was 
a period when a current flows in inductive toads 8 by driver 51 or a period when a current flows by the counter electro- 
motive force induced in inductive load 8. Duty instructor 72 then calculates a drive duty, which is a duty cycle for apply- 
ing a~desired current into inductive load 8 during current control time by driver 2, from the current value information, the 
time information, and the non-drive duty, using a predetermined equation corresponding to the detected period. Duty 
instructor 72 then gives the calculated drive duty to pulse generator 71 during current control time. Pulse generator 71 
outputs a pulse signal of the duty cycle given by duty instructor 72 into driver 51. Driver 51 performs drive control of 
inductive load 8 based on the pulse signal. 

Here, the method of calculating the drive duty is as follows. Drive duty instructor 72 calculates the drive duty using 
the equation (6). However, the function F^p, T sph D nop ) is replaced by appropriate ones corresponding to a period 
when a current flows in inductive loads 8 by driver 51 and a period when a current flows by the counter electromotive 
force induced in inductive load 8. 

A flowchart showing an operation example of the apparatus illustrated in Fig. 1 7 is the same as the flowchart shown 
in Fig. 12. However, the description of the operation is modified as follows. Driver 2 is changed into driver 51 . In calcu- 
lating a drive duty, the function F(/,x>p. T sp|t D nop ) is replaced by appropriate ones corresponding to a period when a 
current flows in inductive loads 8 by driver 51 and a period when a current flows by the counter electromotive force 
induced in inductive load 8. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is driven by the newest computation results in activating inductive load 8 and starting current control. Further, during 
current control time, the drive duty is updated as in the third embodiment. Therefore, errors in the current flowing in 
inductive load 8 are eliminated, so that the accuracy in the current value of the current flowing in inductive load 8 is 
improved for a target value. Further, current value information can be received with arbitrary timing to perform calcula- 
tion, so that arithmetic processing can be simplified. 

Fig. 18 shows a circuit example of the current control apparatus of Fig. 17. The same components as in Fig. 9 are 
denoted by the same symbols, their descriptions are omitted here, and only points different from Fig. 9 are described 
in the following. 

Fig. 1 8 differs from Fig. 9 in that the filter circuit composed of resistor 1 6 and capacitor 1 7 is discarded, and micro- 
computer 60 in Fig. 9 is changed into microcomputer 78 with this change. The connection between inductive load 8 and 
resistor 15 is connected to the A/D converter terminal of microcomputer 78. 

In Fig. 18, resistor 15 functions as a shunt resistor. Microcomputer 78 functions as pulse generator 71 and duty 
instructor 72. Resistors 61 . 62, 64, 65, NPN transistor 63, and PMOSFET 66 constitute driver 51 . Resistor 1 5 functions 
as current detector 4. Diode 12 functions as feedback section 52. 

Fig. 19 is a timing chart in the circuit shown in Fig. 18. In Fig. 19, the pulse output means a pulse signal output from 
the pulse signal output terminal of microcomputer 78. The load current value means the value of the current flowing in 
inductive load 8. This value is the same as the current value detected by shunt resistor 15. The monitor voltage means 
the voltage input to the A/D converter terminal of microcomputer 78 and becomes the current value information about 
the current value detected by current detector 4. 

In Figs. 1 8 and 1 9, inductive load 8 is driven by the stepwise switching of the current flowing therein. Current control 
of pulse-width modulation is performed by using PMOSFET 66 together with the function of microcomputer 78 output- 
ting a pulse signal and NPN transistor 63. Diode 12 makes the duty cycle approximately proportionate to the current 
flowing in inductive load 8, and feeds back the current caused by the counter electromotive force induced in inductive 
load 8. If the signal level of the pulse signal output from microcomputer 78 is at "H, M then NPN transistor 63 is turned 
on, and then PMOSFET 66 is turned on. At this time, the value of current flowing in inductive load 8 is converted into 
voltage by the shunt resistor 15. The voltage is input to the A/D converter terminal of microcomputer 78. 

In such a configuration, microcomputer 78 outputs a pulse signal of a constant non-drive duty to the base of NPN 
transistor 63 through resistor 64 during non-control time when current control is not performed with activated inductive 
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load 8. Following this move, PMOSFET 66 applys a non-drive current into inductive load 8. At this time, microcomputer 
75 measures the elapsed time from a rise of the signal output to NPN transistor 63, using a built-in timer (not illustrated). 
Microcomputer 78 then judges, from the measured time and the non-drive duty, whether the time when the detected 
voltage value is input therein belongs to a period when a current flows in inductive load 8 by PMOSFET 66 or a period 
5 when a current flows by the counter electromotive force induced in inductive load 8. 

Microcomputer 78 waits for a predetermined time, which is the time taken by the current flowing in inductive load 8 
to be in the saturation state after changes in the average current value during the detected period become small within 
a predetermined value. After the predetermined time, microcomputer 78 then receives the detected voltage value with 
arbitrary timing. Further, microcomputer 78 identifies the period when it received the detected voltage value as one of 
10 the above two periods. Using the equation corresponding to the identified period, microcomputer 78 then calculates, 
from the current value information, the time information about the time when the current value information was received, 
and the non-drive duty, a drive duty that is a duty cycle for applying a current of a desired value into inductive load 8 by 
PMOSFET 66 during current control time. 

Then microcomputer 78 outputs a pulse signal of the calculated drive duty for current control time to the base of 
15 NPN transistor 63 through resistor 64. PMOSFET 66 then applys desired current into inductive load 8. 

In this way, the timing for microcomputer 78 to receive the detected voltage value is not limited to the time when the 
signal input to the base of NPN transistor 63 is at "H" level. Further, the detected voltage does not become constant, 
since the non-drive current is converted into voltage by shunt resistor 15 only. Therefore, the detected voltage value V spJ 
depends on time, so that the detected current value f nop becomes 

20 

^p-Wsp,. T spr °nop)' R sns> 

where H{ V sph T sph D nop ) is a function that gives the average voltage value from the detected voltage value, the detec- 
tion time, and the non-drive duty, and is different corresponding to the identified period. Therefore, the following equa- 
ls tion (13) is derived from this equation and the equation (1). 

® op = D nop x 'op x ^ans ' spl' ^ nop)- 

(13) 

Microcomputer 78 calculates beforehand from the above detected voltage value and the non-drive duty the drive duty 

30 at the time when inductive load 8 is activated and current control is performed. 

Further, microcomputer 78 calculates a drive duty by the above equation (9), for the case where constant drive 
instruction time exceeds current saturation time during current control time. Then microcomputer renews the latest drive 
duty to the calculated drive duty. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 

35 is activated by the newest computation results in activating inductive load 8 and starting current control. Further, during 
current control time, the drive duty is also updated from time to time as in the third embodiment. Therefore, errors in the 
current flowing in inductive load 8 are eliminated, so that the accuracy in the current value of the current flowing in 
inductive load 8 is improved for a target value. Further, the current detector does not require a filter circuit, and the 
number of used parts can be reduced by the use of an existing microcomputer, so that the costs can be reduced. Fur- 

40 ther, cunent value information can be received with arbitrary timing to perform calculation, so that arithmetic processing 
can be simplified. 

The function J in the equation (13) is originally an exponential function, but it can be regarded as a linear function 
if the pulse period of the pulse signal is sufficiently small. If changes in the detected voltage are approximated by a lin- 
ear function, then the ratio of detection time to the period of "H" in the pulse signal, or the ratio of detection time to the 
45 period of n L n in the pulse signal, can be calculated to correct the detected voltage based on the ratio. Therefore, for 
example, the difference between the center value of a period of "IT in the pulse signal and detection time is multiplied 
by a proportional coefficient to be added to the detected current value to obtain the following equations (14) and (15). 

^sp/. 7~$p/» D nop) ~ V spi +ax (^p W m x ^ nop^ ' ^sp/)« (14) 

50 

where 0 z T spt z T pwm *D nop . 

J(^s P /. T^,. D nop) = V spf + px{7 pmn -(1 - - T spf ], (15) 

55 where T pwm xD nop <, T $pt < T pwm , p is the slope of the detected voltage during the time when PMOSFET 66 is off. 

As described above, a drive duty is calculated based on one-time sampling data. If the drive duty is calculated 
based on multiple sampling data as shown in the following equation (16), errors due to noise in detected voltage values 
can be made small. Here the average value of the multiple sampling data is calculated for the time when PMOSFET 66 
is on and for the time when PMOSFET 66 is off. 
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AVsp,. T spl . D nop ) = {J on (V sp; _ on , T spl on , D^xa + J^V^^, T spl om D wp )x/j)/(a + b), (16) 

where J on (V spl _ on . T sp ,_ on . D,,,^) is the average voltage value during the time when PMOSFET 66 is on; J of ^V spl _ ofl , 
Tgpi off , D^) is the average voltage value during the time when PMOSFET 66 is off; a is the number of samples during 
the time when PMOSFET 66 is on; and b is the number of sumples during the time when PMOSFET 66 is off. Further, 
Vspi_on. Tspi on. V^/ off. T^ of, in the equation (16) can be expressed by the following equations (17) to (20). 



a 




1 = 1 


(17) 


a 




Tspl_on = X T spt/ a 
/=1 


(18) 






VspLoft " Z ^ 


(19) 






b 




T spLoff = S ^spti/b 


(20) 


/=1 





The apparatus of the present fourth embodiment can be used for an ABS control apparatus as the third embodi- 
ment. For that purpose, solenoid driver 43 is connected to pulse generator 81 , the plus terminal +Va of the DC power 
supply (not illustrated), and one end of solenoid 31 . The other end of solenoid 31 is connected to current detector 46. 
One end of feedback section 48 is connected to the connection between solenoid driver 43 and solenoid 31 . The other 
end of feeoback section 48 is connected to current detector 46. In this way. a current caused by the counter electromo- 
tive force induced in solenoid 31 is fed back through current detector 46. The other points are the same as in the third 
embodiment and omitted here. 

FIFTH EMBODIMENT 

In the current control apparatus of the third embodiment, a pulse signal of a constant non-drive duty is output to 
apply a non-drive current that does not activate the inductive load. However, in the current control apparatus of the third 
embodiment, a pulse signal of the duty cycle 1 may be output during a period to apply a non-drive current that does not 
activate the inductive load. A current control apparatus obtained by such modifications is the fifth embodiment in the 
current control apparatus of pulse-width modulation in accordance with the present embodiment. 

Fig. 20 is a block diagram illustrating the configuration of a fifth embodiment in the current control apparatus of 
pulse-width modulation in accordance with the present invention. In Fig. 20, the same components as in Fig. 1 1 are 
denoted by the same symbols, and their descriptions are omitted here. Only those points different from Fig. 1 1 are 
described in the following. 

The current control apparatus of Fig. 20 differs from that of Fig. 1 1 as follows. Duty instructor 72 of Fig. 1 1 is con- 
nected to the plus terminal +Va of the DC power supply (not illustrated), so that the voltage value of the DC power sup- 
ply Va is monitored by duty instructor 72. Duty instructor 72 is changed into duty instructor 101. and current control 
apparatus 70 is changed into 100 with this change. 

In Fig. 20, current control apparatus 100 comprises a driver 2, a pulse generator 71 that outputs a pulse signal for 
controlling the current flowing in inductive load 8 into driver 2 and outputs pulse signal information about the pulse sig- 
nal measured by a pulse timer into a duty instructor 101 , a current detector 4, feedback section 6, and the duty instruc- 
tor 101 that detects the timing for monitoring the current value from current detector 4 based on the pulse signal 
information from pulse generator 71 and the non-drive duty given to pulse generator 71 , receives, following the detected 
timing, current value information about the current value detected by current detector 4, monitors the voltage value of 
the DC power supply Va, and calculates a duty cycle of the pulse signal output from pulse generator 71 so that the value 
of the current flowing in inductive load 8 becomes a target current value, and a feedback section 6 that feeds back the 
current caused by the counter electromotive force occurring in inductive lead 8. Here duty instructor 101 is a duty 
instructing means. 

Current detector 4 is connected to duty instructor 101 . Duty instructor 1 01 is connected to pulse generator 71 . 
Duty instructor 101 detects the timing for monitoring current value information about the detected current value 
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from current detector 4 based on the pulse signal information input from pulse generator 71. Duty instructor 101 then 
receives the current value information from current detector following the detected timing and detects the voltage value 
of the power supply at that time. Duty instructor 101 then calculates a duty cycle of the pulse signal output from pulse 
generator 71 so that the value of the current flowing in inductive load 8 becomes a target current value. Duty instructor 
5 101 then gives the calculated duty to pulse generator 71 . Pulse generator 71 outputs a pulse signal of the duty cycle 
given by duty instructor 101 into driver 2 and outputs the pulse signal information about the pulse signal into duty 
instructor 101. 

In the configuration described above, duty instructor 101 instructs pulse generator 71, during non-control time 
when current control is not performed, to output a pulse signal of the duty cycle 1 for a time so that inductive load 8 does 

io not operate. Pulse generator 71 outputs a pulse signal, based on the instruction, into driver 2 to control the current so 
that a non-drive current flows in inductive load 8. Pulse generator 71 also measures the pulse signal information about 
the pulse signal output into driver 2, that is, the elapsed time from the time when the pulse signal of duty 1 output into 
driver 2 from pulse generator 71 was detected to become "H," using the pulse timer. Pulse generator 71 outputs the 
information about the measured time into duty instructor 101 . 

15 Next, duty instructor 101 detects, from the output period for the pulse signal of the duty cycle 1 , the timing for receiv- 
ing the current value information about the detected current value from current detector 4, that is, the period when a 
current flows in inductive load 8 by driver 2. Duty instructor 101 then receives the current value information from current 
detector 4 during the period and detects the voltage value V ig of the DC power supply Va. Duty instructor 101 then cal- 
culates from the detected current value t nop obtained from the current value information, detection time that is the 

20 period from a rise of the pulse signal output from pulse generator 71 to the time when the current value information is 
received, by the following equation (21), a drive duty for control time when inductive load 8 is activated and current con- 
trol is performed. 



® op - ' op f nop* ^spl' Vjg), (21) 

25 

where Ki^p. 7" sp/ . V^) is a function that gives the saturation current value from the detected current value, the detec- 
tion time, and the voltage value of the power supply. A series of operation described above is periodically performed 
with a predetermined period, and inductive load 8 is driven by the newest computation results in activating inductive 
load 8 and starting current control. 

30 Further, duty instructor 101 calculates beforehand a drive duty for renewal by the equation (7), if constant drive 
instruction time exceeds current saturation time. If constant drive instruction time does not exceed current saturation 
time and if the drive duty is constant, then the voltage value of the power supply and the detected current value are pro- 
portionate. Therefore, in order to make the current flowing in inductive load 8 constant, it is necessary to vary the value 
of the drive duty with changes in the voltage value of the power supply. Duty instructor 101 corrects the drive duty using 

35 the following equation (22) for changes in the source voltage value. If the resistance value of the load resistance of 
inductive load 8 varies with a rise in the temperature of inductive load 8, then duty instructor 101 corrects the drive duty 
using the following equation (23) for a change in the load resistance. 



D op =(^0/l/6l)xD op2 , (22) 

40 

where VG0 is the voltage value of the power supply at the time when D op2 is determined, and VG^ is the change 
amount of source voltage. 



45 



50 



55 



where VG0 where R cif o is the value of the load resistance at the time when D op2 is determined, and R ci ^ is the change 
amount of the load resistance. 

Further, if D op2 is a drive duty at the starting time of current control, then R cii0 and R cin are expressed by the fol- 
lowing equations (24) to (26). 

*c//o= V D nop>W < 24 > 
Ran = *typ*V + **(>c// + p x<> * 25)/100}. (25) 
t cit = 25 + (100x\/ /g xD nop) /(R (yp xcx/ nop ) - 100/ t , (26) 

where R^ is the value of the load resistance at 25 °C; c is the temperature coefficient of the load resistance; k, 7 is the 
temperature of the load at the starting time of current control; P is the power consumption by the load; and 0 is the tran- 
sient thermal resistance of the load. 
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Here, the above power consumption P by the load can be calculated by the following equation (27). 





P = 



av 



av 



(27) 



5 



where V av is the average voltage value of the power supply, that is, the average value of source voltage over the period 
to the time when the drive duty is corrected, and i av is the average value of load current, that is, the average value of 
the current flowing in load 8 over the time taken until the drive duty is corrected. For example, if inductive load 8 is sup- 
ro plied with currents of three values, 10, /1 , /2, then the average value i av of the load current can be expressed by the 
following equation (28). 



whee f is the period when the current 10 flows in inductive load 8; g is the period when the current /1 flows in inductive 
load 8; and h is the period when the current 12 flows in inductive load 8. 

The power consumption P can be calculated from the operation history of inductive load 8 by the equation (27) and 

20 (28). The product of the power consumption P and the transient thermal resistance e becomes the value of the temper- 
ature rise, so that the change in the load resistance value can be calculated from the operation history of inductive load 
8 by the equation (25). Therefore, the drive duty can be calculated by the equation (23) to determine the correction. 

Fig. 21 is a flowchart showing an operation example of the apparatus illustrated in Fig. 20. The operation example 
of the current control apparatus in the fifth embodiment is described in the following in conjunction with Fig. 21. In the 

25 change from the third embodiment to the fifth embodiment, duty instructor 72 is changed into duty instructor 101 , and 
current control apparatus 70 is changed into current control apparatus 100 with this change. The same processing as 
in Fig. 12 with these changes is denoted by the same symbols, and its description is omitted here, and only points dif- 
ferent from Fig. 12 are described in the following. 

The flowchart of Fig. 21 differs from the one of Fig. 12 in the following points. The processing of step S1 in Fig. 12 

30 is replaced by the processing of step S41 . The processing of step S2 in Fig. 12 is replaced by the processing of step 
S42. The processing of step S31 in Fig. 12 is replaced by the processing of step S43. The processing of step S32 in 
Fig. 12 is replaced by the processing of step S44. The processing of step S45 is added between step S7 and step S9 
in Fig. 12. Duty instructor 72 is changed into duty instructor 101 . and current control apparatus 70 is changed into cur- 
rent control apparatus 100 with this change. 

35 In Fig. 21. first in step S41 , duty instructor 101 gives the duty cycle 1 to pulse generator 71 for a predetermined 
time. Pulse generator 71 outputs a pulse signal of the duty cycle 1 into driver 2 for the predetermined time. Next in step 
S42, driver 2 performs drive control of inductive load 8 following the pulse signal input from pulse generator 71. Then, 
after waiting for a predetermined time, the operation proceeds with step S43. 

In step S43. duty instructor 101 detects a period when a current flows in inductive load 8 by driver 2 from pulse sig- 

40 nal information, that is, information about the time when the pulse signal of the duty cycle 1 was output. Duty instructor 
101 then receives the detected current value information from current detector 4 during the detected period and also 
detects the source voltage value at that time. Next, in step S44, duty instructor 72 calculates a drive duty for control time 
when inductive load 8 is activated and current control is performed, using the equation (6), from the non-drive duty, the 
current value about the detected current value, and detection time that is time information. Then the processing from 

45 step S5 to S7 in Fig. 12 is performed. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is driven by the newest computation results in activating inductive load 8 and starting current control. Also, the above 
drive duty is calculated without waiting until the saturation time when changes in the average current value of the current 
flowing in inductive load 8 by a pulse signal of a non-drive duty become small within a predetermined value. Therefore, 

so the time required for waiting for calculation of the drive duty can be shortened. 

Further, during current control time, the drive duty is also determined from time to time as described above. If con- 
stant drive instruction time is longer than current saturation time, then the drive duty is calculated and renewed in the 
same way as during non-control time when current control is not performed. Therefore, the operation of calculating the 
drive duty is simplified. If constant drive instruction time is not longer than current saturation time, and if changes in the 

55 voltage value of the power supply and the load resistance value of the inductive load occur, the accurate value of the 
current flowing in the inductive load by the calculated drive duty can be maintained. Therefore, errors in the current flow- 
ing in inductive load 8 are eliminated. Consequently, accuracy in the current value of the current flowing in inductive load 
8 is improved for a target value. 



A circuit example of the current control apparatus of Fig. 20 is the same as Fig. 13. Therefore, the circuit example 



I av = (JOxf + Jixg + I2xh) f{f + g + h) , 



(28) 
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of the current control apparatus illustrated in Fig. 20 is described in the following in conjunction with Fig. 13. 

During non-control time when current control is not performed, microcomputer 75 outputs a pulse signal of the duty 
cycle 1 to NMOSFET 14 through resistor 13 for a time so that inductive load 8 does not operate to apply a non-drive 
current into inductive load 8 during non-control time when current control is not performed for activated inductive load 

s 8. At this time, microcomputer 75 measures the elapsed time from a rise of the signal output to NMOSFET 14, using a 
built-in timer (not illustrated). Microcomputer 75 then obtains the timing for receiving the detected voltage value, which 
has been converted into voltage from the non-drive current by shunt resistor 1 5, from the measured time. That is, micro- 
computer 75 detects a period when a current flows in inductive load 8 by NMOSFET 14. Then at the time when the 
detected voltage value is received during the period, microcomputer 75 reads in the voltage value of the DC power sup- 

10 ply Va and receives, as detection time, the measured time when the detected voltage value was received. 

In this way, the timing for microcomputer 75 to receive the detected voltage value is limited to the time when the 
signal input to the gate of NMOSFET 14 is at "H." Further, the detected voltage does not become constant. Therefore, 
using the following equation (29). microcomputer 75 calculates beforehand a drive duty for control time when inductive 
load 8 is activated and current control is performed, from the source voltage value V igt the detected voltage value V^, 

is and detection time First, 

where M{ V sph T $ph V tg ) is a function that gives the detected saturation voltage value from the detected voltage value, 
20 the detection time, and the source voltage value V ig . Therefore, by substituting the above equation for Kil^, T^,, V ig ) 
in the equation (21), we obtain 

Dop - 'op^sns'M^sp/. T spi< V ig Y (29) 

25 Microcomputer 75 periodically performs a series of operation described above with a predetermined period, and 
drives inductive load 8 using the newest computation results in activating inductive load 8 and starting current control. 
Further the function in the equation (29) can be expressed by the following equation (30). 

' M{ v sph r splt v ig ) = R sns x vy * «/. (30) 

30 

where 0 < T sp/ < nx T pwm , R cit is the resistance value of inductive load 8, and n is the output period of the pulse signal 
of the duty cycle 1 . 

Further, if the detected voltage value V $p} can be expressed for the time coordinate t by 

35 V spt = R sns >< V igl R cit * t 1 ' ex P (- R a ,//_x f)}, 

where L is the inductance of inductive load 8, then V spl in the above equation (30) can be expressed by the following 
equation, by which the value of the variable R cif can be obtained. 

40 Vspt = *sns >< Vig ' «c// * V " exp(-* c/ /Lx T sp{ )}. 

Further, microcomputer 75 calculates a drive duty by the above equation (9), for the case where constant drive 
instruction time exceeds current saturation time during current control time. Then microcomputer renews the latest drive 
duty to the calculated drive duty. 

45 A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
is activated by the newest computation results in activating inductive load 8 and starting current control. Also, the above 
drive duty is calculated without waiting until the saturation time when changes in the average current value of the current 
flowing in inductive load 8 by a pulse signal of a non-drive duty become small within a predetermined value. Therefore, 
the time required for waiting for calculation of the drive duty can be shortened. Also, the current detector does not 

so require a filter circuit, and the number of used parts can be reduced by the use of an existing microcomputer, so that 
the costs can be reduced. 

Further, during current control time, the drive duty is also determined from time to time as described above. If con- 
stant drive instruction time is longer than current saturation time, then the drive duty is calculated and renewed in the 
same way as during non-control time when current control is not performed. Therefore, the operation of calculating the 
55 drive duty is simplified. If constant drive instruction time is not longer than current saturation time, and if changes in the 
voltage value of the power supply and the load resistance value of the inductive load occur, an accurate value of the 
current flowing in the inductive load by the calculated drive duty can be maintained. Therefore, errors in the current flow- 
ing in inductive load 8 are eliminated. Consequently, accuracy in the current value of the current flowing in inductive load 
8 is improved for a target value. 
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SIXTH EMBODIMENT 

In the current control apparatus of the fourth embodiment, a pulse signal of a constant non-drive duty is output to 
apply a non-drive current that does not activate the inductive load. However, in the current control apparatus of the 
? fourth embodiment, a pulse signal of the duty cycle 1 may be output during a period to apply a non-drive current that 
does not activate the inductive load. A current control apparatus obtained by such modifications is the sixth embodiment 
in the current control apparatus of pulse-width modulation in accordance with the present embodiment. 

Fig. 22 is a block diagram illustrating the configuration of a sixth embodiment in the current control apparatus of 
pulse-width modulation in accordance with the present invention. In Fig. 22, the same components as in Figs. 17 and 
10 20 are denoted by the same symbols, and their descriptions are omitted here. Only those points different from Fig. 17 
are described in the following. 

The current control apparatus of Fig. 22 differs from that of Fig. 17 as follows. Duty instructor 72 of Fig. 17 is con- 
nected to the plus terminal +Va of the DC power supply (not illustrated), so that the voltage value of the DC power sup- 
ply Va is monitored by duty instructor 72. Duty instructor 72 is changed into duty instructor 101, and current control 
15 apparatus 90 is changed into 1 1 0 with this change. 

In Fig. 22, current control apparatus 1 10 comprises a driver 51 , a pulse generator 71 that outputs a pulse signal for 
controlling the current flowing in inductive load 8 into driver 51 and outputs pulse signal information about the pulse sig- 
nal measured by a pulse timer (not illustrated) into duty instructor 101 , a current detector 4, a feedback section 52. the 
duty instructor 101 that detects the timing for monitoring the current value from current detector 4 based on the pulse 
signal information from pulse generator 71 , receives current value information about the current value detected by cur- 
rent detector 4 following the detected timing, monitors the voltage value of the DC power supply Va, and calculates a 
duty cycle of the pulse signal output from pulse generator 71 so that the value of the current flowing in inductive load 8 
becomes a target current value. 

Current detector 4 is connected to duty instructor 101 . Duty instructor 101 is connected to pulse generator 71 
Duty instructor 101 instructs pulse generator 71 , during non-control time when current control is not performed, to 
output a pulse signal of the duty cycle 1 for a time so that inductive load 8 does not operate. Pulse generator 71 outputs 
a pulse signal based on the instruction into driver 2 to control the current so that a non-drive current flows in inductive 
load 8 Pulse generator 71 also measures pulse signal information about the pulse signal output into driver 2. that is. 
the elapsed time from the time when the pulse signal of duty 1 output into driver 2 from pulse generator 71 was detected 
30 to become "H." using the pulse timer. Pulse generator 71 outputs the information about the measured time into duty 
instructor 101. 

Next, duty instructor 101 receives the current value information from current detector with arbitrary timing, receives 
the voltage value of the power supply at that time, and receives time information about the time when the current value 
was received, from pulse generator 71. Duty instructor 72 then detects whether the time it received the current value 
35 information was a period when a current flows in inductive loads 8 by driver 51 or a period when a current flows by the 
counter electromotive force induced in inductive load 8. Duty instructor 72 then calculates a drive duty, which is a duty 
cycle for applying a desired current into inductive load 8 during current control time by driver 2. from the current value 
information, the time information, and the source voltage value, using a predetermined equation corresponding to the 
detected period. 

40 Here, as a method of calculating the drive duty, duty instructor 101 uses the above equation (21). However, the 
function K(l nop . T sph D nop ) in (21) is replaced by appropriate ones corresponding to a period when a current flows in 
inductive loads 8 by driver 51 and a period when a current flows by the counter electromotive force induced in inductive 
load 8. 

A series of operation described above is periodically performed with a predetermined period, and inductive load 8 
45 is driven by the newest computation results in activating inductive load 8 and starting current control. 

Further, duty instructor 101 calculates beforehand a drive duty for renewal by the equation (7), if constant drive 
instruction time exceeds current saturation time. If constant drive instruction does not exceed current saturation time, 
duty instructor 101 corrects the drive duty using the following equation (22) for changes in the source voltage. If the 
resistance value of the load resistance of inductive load 8 varies with a rise in the temperature of inductive load 8. then 
so duty instructor 101 corrects the drive duty using the following equation (23) for changes in the load resistance. 

A flowchart showing an operation example of the apparatus illustrated in Fig. 22 is obtained by modifying the flow- 
chart of Fig. 21 as follows. Driver 2 is changed into driver 51. The drive duty is calculated depending on whether the 
time the current value information was received was a period when a current flows in inductive loads 8 by driver 51 or 
a period when a current flows by the counter electromotive force induced in inductive load 8. The other part of the oper- 
55 ation is the same as in Fig. 21 , and its description is omitted here. 

A series of operation described above is periodically performed with a predetermined period, and similar effects as 
of the fifth embodiment are obtained. Further, the current value information is received and processed with arbitrary tim- 
ing, so that arithmetic processing can be simplified. 

A figure showing a circuit example of the current control apparatus of Fig. 22 is the same as Fig. 18. Therefore, the 
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circuit example of the current control apparatus illustrated in Fig. 22 is described in the following in conjunction with Fig. 
18. 

Microcomputer 78 outputs a pulse signal of the duty cycle 1 to the base of NPN transistor 63 through resistor 64 
for a time so that inductive load 8 does not operate to apply a non-drive current into inductive load 8 during non-control 
5 time when current control is not performed for activated inductive load 8. Then PMOSFET 66 applys a non-drive current 
into inductive load 8. 

At this time, microcomputer 78 outputs a pulse signal of the duty cycle 1 . receives the detected voltage value, which 
is converted from a non-drive current flowing in inductive current 8 into voltage by shunt resistor 15, with arbitrary tim- 
ing, and receives the voltage value of the DC power supply Va. Further, microcomputer 78 measures the elapsed time 

io from a rise of the signal output into NPN transistor 63, using a built-in timer (not illustrated), and judges, from the meas- 
ured time and the time when the pulse signal of the duty cycle 1 was output, whether the time when the detected voltage 
value was received was a period when a current flows in inductive loads 8 by PMOSFET 66 or a period when a current 
flows by the counter electromotive force induced in inductive load 8. Microcomputer 78 calculates a drive duty, from the 
received detected voltage value, source voltage at the time when the detected voltage value was received, and the 

15 measured time that is detection time, using predetermined equations corresponding to the above periods. 

In this way, the timing for microcomputer 78 to receive the detected voltage value is not limited to the time when the 
signal input to the base of NPN transistor 63 is at TP level. Further, the detected voltage does not become constant, 
since the non-drive current is converted into voltage by shunt resistor 15 only. Therefore, microcomputer calculates 
beforehand a drive duty for control time when inductive load 8 is activated and current control is performed, from the 

20 source voltage value V ig , the detected voltage value V^, and the detection time T^,, by the following equation (31). 
First, 

K{1 

nop 1 1~spt* T spt* V ig) f R sns> 

25 where N(V sph T^, V ig ) is a function that gives the detected saturation voltage value from the detected voltage value, 
the detection time, and the source voltage value V ig . Therefore, by substituting the above equation for KX/^p. T 3pi . V ig ) 
in the equation (21 ), we obtain 

D op ~ { op x V ig ). (31) 

30 

Microcomputer 78 periodically performs a series of operation described above with a predetermined period, and 
drives inductive load 8 using the newest computation results in activating inductive load 8 and starting current control. 
Further the function in the equation (31) can be expressed by the following equation (32). 

35 N( V sph T sp! . V ig ) = K sns x V ig /R dl . (32) 

Further, the detected voltage value V^f can be expressed for the time coordinate t by 

V spl ~ ^ sns x 

40 

as the equation (30) of the fifth embodiment, if 0 < <> nx T pwm , that is, when PMOSFET 66 is on. Therefore, the value 
of the variable R at at t = T spt can be obtained from this equation. 

If nx T pwm < T sph that is, when PMOSFET 66 is off. then the detected voltage value V $pl can be expressed by 

45 V spl = * sns * V ig l R cil * exp(-R JUt). 

In this case, if PMOSFET 66 is turned off from on. at t = nx T pwm , then 

*sns * v igf *cii * ( 1 * expt-R^Lxnxr^J = R sns x V Ig I R cil x exp(- R cil /Lx t). 

50 

Therefore. 

1 - exp(-R cil ILxn*T pwm ) = exp(-R c// /Lxf). 

55 Hence 

t = -L/R c/7 xlog{1 - exp(-R c// /Lxnxr pvvm )) t 
so that V sp} at r such that nx T pwm < t < T spf becomes 
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= fl^^ /ff^xexpl-R^/LxtT^ - nxT pwm ) + (og{1 - exp(-f? c// /Lxnx7 pvW7l )}]. 



From this equation, the value of R ci i can be obtained. 

Microcomputer 75 periodically performs a series of operation described above with a predetermined period, and 
drives inductive load 8 using the newest computation results in activating inductive load 8 and starting current control. 

Further, microcomputer 78 calculates the drive duty by the above equation (9), for the case where constant drive 
instruction time exceeds current saturation time during current control time. Then microcomputer renews the latest drive 
duty to the calculated drive duty. 

A series of operation described above is periodically performed with a predetermined period, and effects similar to 
those of the fifth embodiment can be obtained. Also, the current value information is received and processed with arbi- 
trary timing, so that arithmetic processing can be simplified. 

SEVENTH EMBODIMENT 

In the current control apparatus of the first embodiment, when a non-drive current is made to flow in the inductive 
load with a constant non-drive duty, the value of the non-drive current changes as source voltage changes. Therefore, 
the detection accuracy of the current flowing in the inductive load varies with source voltage. To solve this problem, 
source voltage may be monitored, and the value of the non-drive duty may be made small if the source voltage value is 
large. A seventh embodiment in the current control apparatus of pulse-width modulation in accordance with the present 
invention realizes these modifications. Fig. 23 is a block diagram illustrating the configuration of the seventh embodi- 
ment. In Fig. 23, the same components as in Fig. 2 are denoted by the same symbols, and their descriptions are omitted 
here. Only those points different from Fig. 2 are described in the following. 

The current control apparatus of Fig. 23 differs from that of Fig. 2 as follows. Duty instructor 5 of Fig. 2 is connected 
to the plus terminal +Va of the DC power supply (not illustrated), so that the voltage value of the DC power supply Va is 
monitored by duty instructor 5. Duty instructor 5 is changed into duty instructor 121. and current control apparatus 1 is 
changed into 1 20 with this change. 

In Fig. 23, current control apparatus 120 comprises a driver 2, a pulse generator 3. a current detector 4, a feedback 
section 6. and a duty instructor 121 that receives current information about the detected current value from current 
detector 4, calculates a duty cycle of the pulse signal output from pulse generator 3 so that the value of the current flow- 
ing in inductive load 8 becomes a target current value, and monitors the voltage value of the DC power supply to correct 
the non-drive duty depending on changes in the voltage. Duty instructor 121 is a duty instruction means. 

Duty instructor 121 monitors source voltage during non-control time when current control is not performed, corrects 
the value of the non-drive duty depending on changes in the voltage value to output into pulse generator 3. Duty instruc- 
tor 121 then instructs pulse generator 3 to output a pulse signal of the non-drive duty into driver 2. Pulse generator 3 
outputs a pulse signal based on the instruction into driver 2 to control the current so that a non-drive current flows in 
inductive load 8. Duty instructor receives current value information about the non-drive current detected by current 
detector 4. 

Next, duty instructor 121 calculates beforehand, during non-control time when current control is not performed, a 
drive duty, which is a duty cycle for applying a desired current into inductive load 8 during current control time by driver 
2, from the current value information about the current value detected by current detector 4 and the non-drive duty. Duty 
instructor 101 then gives the calculated drive duty to pulse generator 3 during current control time. Pulse generator 3 
outputs a pulse signal of the duty cycle given by duty instructor 121 into driver 2. Driver 2 performs drive control of 
inductive load 8 based on the pulse signal. 

Here, duty instructor 121 monitors source voltage. Then, when giving the non-drive duty to pulse generator 3, duty 
instructor 121 corrects the non-drive duty, if the monitored source voltage value is smaller than a predetermined value, 
by making the drive duty larger in proportion to the difference between the monitored value and the predetermined 
value. If the monitored source voltage is larger than a predetermined value, then duty instructor 121 makes the drive 
duty smaller in proportion to the difference between the monitored value and the predetermined value. 

Further, duty instructor 121 also determines a drive duty during current control time. Duty instructor 121 calculates 
and renews the drive duty for current control time by the above equation (2), if constant drive instruction time exceeds 
current saturation time. If constant drive instruction time does not exceed current saturation time, then duty instructor 
101 corrects the drive duty using the above equation (21) for changes in source voltage and corrects the drive duty 
using the above equation (23) for changes in the load resistance of inductive load 8. 

Fig. 23 is a flowchart showing an operation example of the apparatus illustrated in Fig. 23. The operation example 
of the current control apparatus in the seventh embodiment is described in the following in conjunction with Fig. 24. In 
Fig. 24, duty instructor 5 is changed into duty instructor 121, and current control apparatus 1 is changed into current 
control apparatus 120 with this change. The same processing as in Fig. 3 with these changes is denoted by the same 
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symbols, and their descriptions are omitted here, and only points different from Fig. 3 are described in the following. 

The flowchart of Fig. 24 differs from the one of Fig. 3 in the following points. The processing of step S1 in Fig. 3 is 
replaced by the processing of steps S51 and S52. If the judgement result in step S5 is NO, then the operation returns 
to step S51 . Step S21 is added between steps S7 and S9 in Fig. 3. Duty instructor 5 is changed into duty instructor 1 21 , 
s and current control apparatus 1 is changed into current control apparatus 1 20 with this change. The processing of step 
S45 in Fig. 24 is the same as step S45 of Fig. 21 with the replacement of duty instructor 101 with duty instructor 121 . 

First, in step S51 of Fig. 24, duty instructor 121 monitors source voltage to detect the voltage value of the power 
supply. In step S52. duty instructor 121 gives a corrected non-drive duty corresponding to the detected source voltage 
to pulse generator 3, which outputs a pulse signal of the drive duty into driver 2. Then, the operation proceeds with the 
io processing from step S2 to step S7 in Fig. 3. If current control is not performed with activated inductive load 8 (NO), 
then the operation returns to step S51. 

Next, in step S7, if constant instruction time does not exceed current saturation time (NO), then the operation pro- 
ceeds with step S45. In step S45, duty instructor 121 corrects the drive duty for changes in source voltage using the 
equation (22) and corrects the drive duty for changes in the load resistance value using the equation (23). Then the 
is operation proceeds with step S9 on in Fig. 3. 

A series of operation described above is periodically performed with a predetermined period, and effects similar to 
the first embodiment are obtained. Further, if source voltage varies during the time when a non-drive current is applyed 
in inductive load 8 with a constant non-drive duty, the above series of operation is periodically performed with a prede- 
termined period. Also, inductive load 8 is activated by the newest computation results in activating inductive load 8 and 
20 starting current control. Therefore, the accuracy in the current value of the current flowing in inductive load 8 is improved 
for a target value. 

Further, a drive duty can also be determined from time to time during current control time, as described above. If 
constant drive instruction time is longer than current saturation time, then the drive duty is calculated and renewed by 
the same method as during non-control time when current control is not performed. Therefore, the operation for calcu- 
25 lating the drive duty in the current control apparatus can be simplified. If constant drive instruction time is not longer than 
current saturation time, and if changes in the source voltage value of the power supply and the load resistance value of 
the inductive load occur, the accuracy of the detected current value of the current flowing in the inductive load for the 
calculated drive duty can be maintained. Therefore, errors in the current flowing in inductive load 8 are eliminated. Con- 
sequently, the accuracy in the current value of the current flowing in inductive load 8 is improved for a target value. 

30 

EIGHTH EMBODIMENT 

In the current control apparatus of the second embodiment, when a non-drive current is made to flow in the induc- 
tive load with a constant non-drive duty, the value of the non-drive current changes as source voltage changes. There- 
35 fore, the detection accuracy of the current flowing in the inductive load varies with source voltage. Therefore, as in the 
seventh embodiment, source voltage may be monitored, and the value of the non-drive duty may be made small if the 
. source voltage value is large, and the value of the non-drive duty may be made large if the source voltage value is small. 
An eighth embodiment in the current control apparatus of pulse-width modulation in accordance with the present inven- 
tion realizes these modifications. Fig. 25 is a block diagram illustrating the configuration of the eight embodiment. In Fig. 
40 25, the same components as in Figs. 8 and 23 are denoted by the same symbols, and their descriptions are omitted 
here. Only those points different from Fig. 8 are described in the following. 

The current control apparatus of Fig. 25 differs from that of Fig. 8 as follows. Duty instructor 5 of Fig. 8 is changed 
into duty instructor 121, and current control apparatus 50 is changed into 130 with this change. Duty instructor 121 is 
connected to the plus terminal +Va of the DC power supply (not illustrated), so that the voltage value of the DC power 
45 supply Va is monitored by duty instructor 121 . 

In Fig. 25, current control apparatus 130 comprises a driver 51, a pulse generator 3, a current detector 4, a feed- 
back section 52, and a duty instructor 121 . 

A flowchart showing an operation example of the apparatus illustrated in Fig. 25 is the same as the flowchart shown 
in Fig. 24 with the modification that driver 2 is changed into driver 51 . Therefore, its description is omitted here 
so As described above, similar effects as of the seventh embodiment are obtained in the current control apparatus of 
the eighth embodiment. 

NINTH EMBODIMENT 

55 In the current control apparatus of the third embodiment, source voltage may be monitored, by the same reasons 
as in the seventh and eighth embodiments, and the value of the non-drive duty may be made small if the source voltage 
value is large, and the value of the non-drive duty may be made large if the source voltage value is small, and the value 
of the non-drive duty may be made small if the source voltage value is large. A ninth embodiment in the current control 
apparatus of pulse-width modulation in accordance with the present invention realizes these modifications. A block dia- 
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gram illustrating the configuration of the ninth embodiment is the same as Fig. 20 with the modifications that duty 
instructor 101 of Fig. 20 is changed into duty instructor 141, and current control apparatus 100 is changed into current 
control apparatus 1 40 with this change. Therefore, only those points different from Fig. 1 1 are described in the following 
in conjunction with Fig. 20. 

The current control apparatus of the ninth embodiment differs from that of Fig. 1 1 as follows. Duty instructor 72 of 
Fig. 11 is connected to the plus terminal +Va of the DC power supply (not illustrated), so that the voltage value of the 
DC power supply Va is monitored by duty instructor 72. Duty instructor 72 of Fig. 1 1 is changed into duty instructor 141, 
and current control apparatus 70 is changed into 1 40 with this change. 

Current control apparatus 140 comprises a driver 2, a pulse generator 71 , a feedback section 6, a current detector 
4, and a duty instructor 1 41 that monitors the voltage value of the DC power supply, corrects the non-drive duty depend- 
ing on the changes in the voltage value to give to pulse generator 71 , detects the timing for receiving the current value 
from current detector 4 based on pulse signal information from pulse generator 71 and the non-drive duty given to pulse 
generator 71 , receives current value information about the detected current value from current detector 4, and calcu- 
lates, during current control time, a duty cycle of the pulse signal output from pulse generator 71 so that the value of the 
current flowing in inductive load 8 becomes a target current value. Duty instructor 141 is a duty instructing means. 

Duty instructor 141 monitors source voltage, gives a non-drive duty to pulse generator 71 during non-control time, 
and instructs pulse generator 71 to output a pulse signal of the non-drive duty into driver 2. Here, when giving the non- 
drive duty to pulse generator 71, duty instructor 141 corrects the non-drive duty, if the monitored source voltage is 
smaller than a predetermined value, by making the drive duty larger in proportion to the difference between the moni- 
tored value and the predetermined value. If the monitored source voltage is larger than a predetermined value, then 
duty instructor 141 makes the drive duty smaller in proportion to the difference between the monitored value and the 
predetermined value. 

Pulse generator 71 outputs a pulse signal of the given drive duty into driver 2 so that a non-drive current is made 
to flow thereby in inductive load 8. Pulse generator 71 also measures, using a pulse timer, pulse signal information 
about the pulse signal output to driver 2. that is. the elapsed time from the time when the pulse signal of the non-drive 
duty output from pulse generator 71 into driver 2 is detected to become at W H" level, to output the measured time into 
duty instructor 141. 

Next, duty instructor 141 detects the timing for receiving the current value information about the detected current 
value from current detector 4, that is, the period when a current flows in inductive load 8 by driver 2. Duty instructor 141 
then receives the current value information from current detector 4, during the period, at the saturation time when 
changes in the average value of the current flowing in inductive load 8 per unit time become small within a predeter- 
mined value. Duty instructor 141 then calculates a drive duty, which is a duty cycle for applying a desired current into 
inductive load 8 during current control time by driver 2, from the current value information and the non-drive duty. Duty 
instructor 141 then gives the calculated drive duty to pulse generator 71 during current control time. Pulse generator 71 
outputs a pulse signal of the duty cycle given by duty instructor 141 into driver 2. Driver 2 performs drive control of 
inductive load 8 based on the pulse signal. 

Further, duty instructor 141 also determines a drive duty during current control time. If constant drive instruction 
time exceeds current saturation time, then duty instructor 141 calculates and renews the drive duty for current control 
time by the above equation (7). If constant drive instruction time does not exceed current saturation time, then duty 
instructor 1 41 corrects the drive duty for changes in source voltage using the above equation (22) and corrects the drive 
duty for changes in the load resistance value of inductive load 8 using the above equation (23). 

Fig. 26 is a flowchart showing an operation example of current control apparatus 140. The operation example of 
the current control apparatus in the ninth embodiment of the present invention is described in the following in conjunc- 
tion with Fig. 26. In the change from the third embodiment to the ninth embodiment, duty instructor 72 is changed into 
duty instructor 141, and current control apparatus 70 is changed into current control apparatus 140 with this change. 
The same processing as in Fig. 12 with these changes is denoted by the same symbols, and its description is omitted 
here, and only those points different from Fig. 12 are described in the following. 

The flowchart of Fig. 26 differs from the one of Fig. 12 in the following points. The processing of step S1 in Fig. 12 
is replaced by the processing of steps S61 and S62. If the judgement result of S5 is NO, then the operation returns to 
step S61. The processing of step S45 in Fig. 21 is added between steps S7 and S9. Duty instructor 72 is changed into 
duty instructor 141 . and current control apparatus 70 is changed into current control apparatus 140 with this change. 
The processing of step S45 in Fig. 26 is the step S45 of Fig. 21 with the modification that duty instructor 1 01 is changed 
into duty instructor 141. 

In Fig. 26, first in step S61 . duty instructor 141 monitors source voltage to measure the voltage value. In step S62. 
duty instructor 141 gives to pulse generator 71 a non-drive duty that is corrected depending on the detected voltage 
value. Pulse generator 71 outputs a pulse signal of the non-drive duty into driver 2. Then the operation proceeds with 
steps S2 to S7 in Fig. 12. If the judgment result in step S5 is NO, that is, if current control is not performed with activated 
inductive load 8, then the operation returns to step S61. 

In step S7, if constant drive instruction time does not exceed current saturation time (NO), then duty instructor 141 
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corrects the drive duty for changes in source voltage using the above equation (22) and corrects the drive duty for 
changes in the load resistance value of inductive load 8 using the above equation (23). Then the operation proceeds 
with step S9 on in Fig. 12. 

A series of operation described above is periodically performed with a predetermined period, and effects similar to 
5 those of the third embodiment are obtained. Further, if source voltage varies during the time when a non-drive current 
is applyed in inductive load 8 with a constant non-drive duty, the above series of operation is periodically performed with 
a predetermined period. Also, inductive load 8 is activated by the newest computation results in activating inductive load 
8 and starting current control. Therefore, the accuracy in the current value of the current flowing in inductive load 8 is 
improved for a target value. 

w Further, a drive duty can also be determined from time to time during current control time, as described above. If 
constant drive instruction time is longer than current saturation time, then the drive duty is calculated and renewed by 
the same method as during non-control time when current control is not performed. Therefore, the operation for calcu- 
lating the drive duty in the current control apparatus can be simplified. If constant drive instruction time is not longer than 
current saturation time, and if changes in the source voltage value of the power supply and the load resistance value of 

15 the inductive load occur, the accuracy of the detected current value of the current flowing in the inductive load for the 
calculated drive duty can be maintained. Therefore, errors in the current flowing in inductive load 8 are eliminated. Con- 
sequently, the accuracy in the current value of the current flowing in inductive load 8 is improved for a target value. 

TENTH EMBODIMENT 



In the current control apparatus of the fourth embodiment, source voltage may be monitored, from the same rea- 
sons as in the seventh to ninth embodiments, and the value of the non-drive duty may be made large if the source volt- 
age value is small, and the value of the non-drive duty may be made small if the source voltage value is large. A tenth 
embodiment in the current control apparatus of pulse-width modulation in accordance with the present invention real- 
ms izes these modifications. A block diagram illustrating the configuration of the tenth embodiment is the same as Fig. 22 
with the modifications that duty instructor 101 of Fig. 22 is changed into duty instructor 141 , and current control appa- 
ratus 1 10 is changed into current control apparatus 150 with this change. Therefore, only those points different from Fig. 
17 are described in the following in conjunction with Fig. 22. 

The current control apparatus of the tenth embodiment differs from that of Fig. 17 as follows. Duty instructor 72 of 
30 Fig. 17 is changed into duty instructor 141 of the ninth embodiment, and current control apparatus 90 is changed into 
1 50 with this change. Duty instructor 1 41 is connected to the plus terminal +Va of the DC power supply (not illustrated), 
so that the voltage value of the DC power supply Va is monitored by duty instructor 141 . 

Current control apparatus 1 50 comprises a driver 51 , a pulse generator 71 , a current detector 4, a feedback section 
52, and a duty instructor 141 . 

35 A flowchart showing an operation example of current control apparatus 1 50 is the same as the flowchart shown in 
Fig. 26 with the modification that driver 2 is changed into driver 51 . Therefore, its description is omitted here. 

As described above, similar effects as of the ninth embodiment are obtained in the current control apparatus of the 
tenth embodiment. 

40 ELEVENTH EMBODIMENT. 

In Fig. 13 that shows a circuit example of the current control apparatus in the third embodiment, the detection time 
7 sp/ and the detected voltage value V sp/ are sampled a plurality of times and their averages are used to calculate a drive 
duty. However, if source voltage changes during the sampling, and if the drive duty is calculated using the equations 

45 (11) and (12), then errors in the current flowing in inductive load 8 occur. Therefore, the source voltage value may be 
monitored during the sampling, and only the sampling values having fluctuations within a predetermined range may be 
used to obtain the average values. 

A block diagram illustrating the configuration of the tenth embodiment is the same as Fig. 22, so that it is omitted 
here. An operation example of the current control apparatus in the eleventh embodiment is described in conjunction 

so with the flowchart of Fig. 27. The same processing as in Fig. 21 is denoted by the same symbols, and their descriptions 
are omitted here. 

In Fig. 27, first in step S71 , duty instructor 141 gives a preset non-drive duty to pulse generator 71 . Pulse generator 
71 outputs a pulse signal of the non-drive duty into driver 2. Next in step S72, driver 2 performs drive control of inductive 
load 8 based on the pulse signal input from pulse generator 71 . Duty instructor 141 waits for a predetermined time until 
55 changes in the average current value of the current flowing in inductive load 8 become small within a predetermined 
value to be in the saturation state. 

Next in step S73, after the predetermined time, duty instructor 141 monitors source voltage to detect the voltage 
value. Duty instructor 141 also measures, using a pulse timer, pulse signal information about the pulse signal input from 
pulse generator 71 , that is, the elapsed time from the time when the pulse signal of the non-drive duty output into driver 
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51 is detected to become at "H" level Duty instructor 141 identifies, from the measured time information and the non- 
drive duty, a period when a current flows in inductive loads 8 by driver 2 and a period when a current flows by the coun- 
ter electromotive force induced in inductive load 8. Duty instructor 141 then receives, during a period when a current 
flows in inductive loads 8 by driver 2, the detected current value from current detector 4 as current value information. 

5 Next, in step S74, duty instructor tests whether the current value information and the source voltage value have 

been sampled predetermined times. If the sampling has not been made the predetermined times (NO), then the oper- 
ation returns to step S71 . If the sampling has been made the predetermined times (YES), then the operation proceeds 
with step S75. In step S75, duty instructor 141 selects, from the current value information sampled the predetermined 
times, those sampled values that are sampled at source voltage values within a predetermined rage from the voltage 

10 value at the last sampling. Next in step S76, duty instructor 141 calculates the average values of the selected current 
value information and the time information. Then the operation proceeds with step S77. 

Fig. 28 is graph showing examples of timing in the source voltage and the sampling during a period when the sam- 
pling number is 8. The method of selecting and averaging sampled values for changes in source voltage is described 
in conjunction with Fig. 28. 

15 In Fig. 28, VL denotes the source voltage value at the last sampling time that is the eighth time. In this example, 
the voltage values at the first, second, and eighth sampling are within a predetermined range VL + y, where y is a pos- 
itive predetermined value. Therefore, the current value information and the time information at the first, second, and 
eighth are selected, and their averages are calculated. 

Returning to Fig. 27, in step S77, duty instructor 141 calculates a drive duty for control time when inductive load 8 
20 is activated and current control is performed, using the above equation (9) or (10). from the non-drive duty, the average 
value of the current value information about the detected current values, and the average value of the detection time 
when the current value information was detected. Then in step S78, duty instructor 141 judges whether current control 
should be performed with activated inductive load 8 or not. If current control should be performed with activated induc- 
tive load 8 (YES), then the operation proceeds with step S79. 
25 In step S79, duty instructor 141 obtains a duty cycle corresponding to a desired current to be applyed in inductive 
load 8 from the calculated newest drive duty and the current value information about the current value detected by cur- 
rent detector 4, and gives the duty cycle to pulse generator 71. Pulse generator 71 outputs a pulse signal of the duty 
cycle given by duty instructor 141 into driver 2. which performs current control. Then the processing from step S7 on in 
Fig. 21 is performed. If in step S7, current control should not be performed with activated inductive load 8 (NO), then 
30 the operation returns to S71 . 

As described above, in the current control apparatus of the present eleventh embodiment, if source voltage 
changes during the sampling of the detected voltage value V spi and detection time T^,, then errors in the current flow- 
ing in inductive load 8 do not occur, even if the drive duty is calculated using the equations (11) and (12). The above 
series of operation is periodically performed with a predetermined period, and inductive load 8 is activated by the new- 
35 est computation results in activating inductive load 8 and starting current control. 

Further, a drive duty can also be determined from time to time during current control time, as described above. If 
constant drive instruction time is longer than current saturation time, then the drive duty is calculated and renewed by 
the same method as during non-control time when current control is not performed. Therefore, the operation for calcu- 
lating the drive duty in the current control apparatus can be simplified. If constant drive instruction time is not longer than 
40 current saturation time, and if changes in the source voltage value of the power supply and the load resistance value of 
the inductive load occur, then the accuracy of the detected current value of the current flowing in the inductive load for 
the calculated drive duty can be maintained. Therefore, errors in the current flowing in inductive load 8 are eliminated. 
Consequently, the accuracy in the current value of the current flowing in inductive load 8 is improved for a target value. 
Further, in Fig. 18, which illustrates a circuit example of the current control apparatus in the above fourth embodi- 
es ment, if the detection time T spl and the detected voltage value V spf are sampled a plurality of times, and if the averages 
of these values are used for calculating a drive duty from the equation (16), then the modified case is similar to the elev- 
enth embodiment, so that its description is omitted here. 

Further, in each of the above embodiments, the driver controls the current provided from the +Va terminal of the 
DC power supply Va so that a current flows in the inductive load if the level of the signal input from the pulse generator 
so is "H," and a current does not flow in the inductive load if the level of the signal input from the pulse generator is M L. M 
However, a current provided from the +Va terminal of the DC power supply may be made to flow in the inductive load if 
the level of the signal input from the pulse generator is "L." and a current may be made not to flow in the inductive load 
if the level of the signal input from the pulse generator is "H." In this way, although the present invention has been fully 
described in connection with the preferred embodiments thereof and the accompanying drawings, it is to be noted that 
55 various changes and modifications are apparent to those skilled in the art. Such changes and modifications are to be 
understood as included within the scope of the present invention as defined by the appended claims unless they depart 
therefrom. 
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Claims 

1 . A current control apparatus that performs current control for an inductive load with pulse-width modulation compris- 
ing: 

5 

a pulse generating means that generates and outputs a pulse signal, 

a duty instructing means that gives a duty cycle of said pulse signal to said pulse generating means, 
a drive means that drives an inductive load with said pulse signal output from said pulse generating means, 
a feedback means that feeds back the current generated by the counter electromotive force that occurs in said 
10 inductive loadr and 

a current detecting means that detects current value information about the value of the current flowing in said 
inductive load. 

wherein, during the non-drive time of said inductive load, said duty instructing means gives to said pulse 
is generating means a non-drive duty, which is a duty cycle for applying a current by which said inductive load does 
not operate actively, and calculates a drive duty, which is a duty cycle for applying a desired current to said inductive 
load during the drive time of said inductive load, based on said current value information from said current detecting 
means and said non-drive duty. 

20 2. The current control apparatus of pulse-width modulation defined in claim 1 wherein, during non-control time when 
current control is not performed, said duty instructing means gives said non-drive duty to said pulse generating 
means and calculates said drive duty for current control time based on said non-drive duty and said current value 
information from said current detecting means about the saturation current flowing in said inductive load by the 
pulse signal of said non-drive duty. 

25 

3. The current control apparatus of pulse-width modulation defined in one of claims 1 and 2 wherein said current 
detecting means comprises a circuit that converts current into voltage and a low-pass filter circuit. 

4. A current control apparatus of pulse-width modulation defined in one of claims 1 and 2 wherein said duty instructing 
30 means gives said drive-duty to said pulse generating means during current control time and, if the period during 

which the duty cycle is constant is longer than the period taken by the current flowing in said inductive load to be in 
the saturation state, further calculates and renews a drive duty based on said drive duty and the current information 
value about the saturation current flowing in said inductive load by the pulse signal of said drive duty. 

35 5. A current control apparatus that performs current control for an inductive load with pulse-width modulation compris- 
ing: 

a pulse generating means that generates and outputs a pulse signal and outputs signal information about said 
pulse signal, 

40 a duty instructing means that gives a duty cycle of said pulse signal to said pulse generating means, 

a drive means that drives an inductive load with the pulse signal output from said pulse generating means, 
a feedback means that feeds back the current generated by the counter electromotive force that occurs in said 
inductive load, and 

a current detecting means that detects current value information about the value of the current flowing in said 
45 inductive load, 

wherein during the non-drive time of said inductive load, said duty instructing means gives to said pulse gen- 
erating means a non-drive duty, which is a duty cycle for applying a current by which said inductive load does not 
operate actively, and calculates a drive duty, which is a duty cycle for applying a desired current into said inductive 
so load during the drive time of said inductive load, based on the signal information from said pulse generating means 
about the output pulse signal of said non-drive duty, said current value information from said current detecting 
means, and said non-drive duty 

6. The current control apparatus of pulse-width modulation defined in claim 5 wherein during non-control time when 
55 current control is not performed, said duty instructing means gives to said pulse generating means a non-drive duty, 
which is a duty cycle for applying a current by which said inductive load does not operate actively, and calculates 
said drive duty for cunent control time from said signal information for identifying, during one period of the pulse 
signal output from said pulse generating means, a period when a current flows in said inductive load by said drive 
means and a period when a current flows in said inductive load by the counter electromotive force induced in said 
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inductive load, said current value information from said current detecting means at the saturation time when 
changes in the average current value of the current flowing in said inductive load by the pulse signal of said non- 
drive duty become small within a predetermined value, and said non-drive duty. 

7. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means is installed so that the feedback current by said feedback means is not detected by said current detecting 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse signal of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means detects, from said time information and said non-drive duty, a period when a current flows in said 
inductive load by said drive means, receives said current value information at said saturation time during said 
period from said current detecting means, calculates the average value of the current flowing in said inductive load 
during said period, from said current value information, said time information, and said non-drive duty, and calcu- 
lates said drive duty for current control time from the average current value and said non-drive duty. 

8. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means is installed so that the feedback current by said feedback means is not detected by said current detecting 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse signal of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means detects, from said time information and said non-drive duty, a period when a current flows in said 
inductive load by said drive means, receives a plurality of times said current value information at said saturation 
time during said period from said current detecting means, receives, from said pulse generating means, said time 
information corresponding to said current value information, calculates the average value of said current value 
information and the average value of said time information, calculates the average value of the current flowing in 
said inductive load during said period, from said average value of said current value information, said average value 
of said time information, and said non-drive duty, and calculates said drive duty for current control time from the 
average current value and said non-drive duty. 

9. The current control apparatus of pulse-width modulation defined in claim 8 wherein said duty instructing means 
monitors the source voltage value and calculates said average current value by giving weightings to the received 
current value information, if said source voltage value fluctuates during the time when said current value informa- 
tion is received from said current detecting means. 

1 0. The current control apparatus of pulse-width modulation defined in one of claims 7 and 8 wherein said duty instruct- 
ing means detects, from said time information, during one period of said pulse signal, the elapsed time from the 
time when a current starts to flow in said inductive load by said drive means to the time when said current value 
information is received, calculates the ratio of said elapsed time to the period when a current flows in said inductive 
load by said drive means during one period of said pulse signal, calculated from said non-drive duty, and calculates 
said average current value by correcting the received current value information based on said ratio. 

11. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means is installed so that the feedback current by said feedback means is also detected by said current detecting 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse signal of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means receives said current value information at said saturation time from said current detecting means, 
receives said time information from said pulse generating means, identifies the period to which the received current 
value information belongs either as a period when a current flows in said inductive load by said drive means or as 
a period when a current flows in said inductive load by the counter electromotive force induced in said inductive 
load, calculates the average value of the current flowing in said inductive load over the identified period, and calcu- 
lates a drive duty for current control time from said average current value and said non-drive duty. 

12. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means is installed so that the feedback current by said feedback means is also detected by said current detecting 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse signal of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means receives said current value information a plurality of times after said saturation time from said 
current detecting means with arbitrary timing, receives, from said pulse generating means, said time information 
corresponding to said current value information, classifies the received current value information, based on said 
time information and said non-drive duty, into the information during a period when a current flows in said inductive 
load by said driving means and the information during a period when a current flows in said inductive load by the 
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counter electromotive force induced in said inductive load, calculates the average value of the received current 
value information and the average value of the time information for each period, calculates therefrom and from said 
non-drive duty the average value of the current flowing in said inductive load for each period, and calculates said 
drive duty for current control time, from the current value obtained by averaging the calculated average current val- 
5 ues in both periods and from said non-drive duty. 

13. The current control apparatus of pulse-width modulation defined in claim 12 wherein said duty instructing means 
monitors the source voltage value and calculates said average current value by giving weightings to the received 
current value information, if said source voltage value fluctuates during the time when said current value informa- 

10 tion is received from said current detecting means. 

14. The current control apparatus of pulse-width modulation defined in claim 13 wherein said duty instructing means 
detects, from said time information, during one period of said pulse signal, the elapsed time from the beginning of 
the corresponding identified period to the time when said current value information is received, calculates the ratio 

75 of said elapsed time to the corresponding identified period, and calculates said average current value by correcting 
the received current value information based on the ratio. 

15. The current control apparatus of pulse-width modulation defined in claim 5 wherein said duty instructing means 
monitors the source voltage vaJue and corrects and gives said drive duty in proportion to the difference between 

20 the monitored source voltage value and a predetermined value. 

16. The current control apparatus of pulse-width modulation defined in claim 5 wherein said duty instructing means 
monitors source voltage value, and during non-control time when current control is not performed, gives to said 
pulse generating means, the duty cycle of 1 for a time so that said inductive load does not operate, and calculates 

25 said drive duty for current control time from said signal information for identifying, in the pulse signal output from 
said pulse generating means, a period when a current flows in said inductive load by said drive means and a period 
when a current flows in said inductive load by the counter electromotive force induced in said inductive load, said 
current value information from said current detecting means, and the source voltage value at the time when said 
current value information was detected. 

30 

17. The current control apparatus of pulse-width modulation defined in claim 16 wherein said signal information is time 
information that expresses the elapsed time from the time when said pulse generating means outputs a pulse sig- 
nal of the duty of 1 into said drive means, so that the level of said pulse signal changes and a current starts to flow 
in said inductive load; and said duty instructing means receives current value information from said current detect- 

35 ing means, receives said time information from said pulse generating means, identifies the period to which the 
received current value information belongs either as a period when a current flows in said inductive load by said 
drive means or as a period when a current flows in said inductive load by the counter electromotive force induced 
in said inductive load, based on said time information and the time when the duty of 1 was given, calculates the 
load resistance value of said inductive load during the identified period from said time information, the received cur- 

40 rent value information, and the source voltage value at the time of receiving said current value information, and cal- 
culates said drive duty for current control time. 

18. The current control apparatus of pulse-width modulation defined in claim 5 wherein said current detecting means 
is a circuit that converts current into voltage. 

45 

19. The current control apparatus of pulse-width modulation defined in claim 5 wherein during current control time, said 
duty instructing means gives said drive-duty to said pulse generating means, if the period during which the duty 
cycle is constant is longer than the period taken by the current flowing in said inductive load to be in the saturation 
state, and further calculates and renews a drive duty from the signal information from said pulse generating means 

so in a pulse signal of said drive duty, current value information about the saturation current flowing in said inductive 
load by the pulse signal of said drive duty, and said drive duty. 

20. The current control apparatus of pulse-width modulation defined in claim 19 wherein during current control time, 
said duty instructing means monitors the source voltage value and corrects and gives the calculated newest drive 

55 duty in proportion to the difference between the monitored source voltage value and a predetermined value. 

21. The current control apparatus of pulse-width modulation defined in claim 20 wherein said duty instructing means 
corrects and gives the calculated newest drive duty depending on the rate of change in the load resistance value 
of said inductive load during current control time. 
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22. The current control apparatus of pulse-width modulation defined in claim 21 wherein said duty instructing means 
monitors the source voltage value and calculates the rate of change in said load resistance value from currents 
having flowed in said inductive load by the drive duty calculated before correcting the drive duty, the time periods 
when currents flowed and the average value of the source voltage values monitored at these time periods. 

23. The current control apparatus of pulse-width modulation defined in claim 5 wherein said inductive load is a three- 
position switching electromagnetic valve that changes its position corresponding to the values of applied current 
and is used for switching pressurization, holding, and decompression of brake fluid in an ABS control apparatus of 
a vehicle. 

24. The current control apparatus of pulse-width modulation defined in claim 5 wherein said pulse generating means 
and duty instructing means are consisting of a microcomputer having an A/D converter. 

25. A current control method that perform current control for an inductive load with pulse-width modulation, being com- 
prised of steps: in non-drive time of said inductive load, 

generating a pulse signal of a non-drive duty that is a duty cycle for applying a current by which said inductive 
load does not operate actively; 

applying a current by said pulse signal to said inductive load; 

feeding back the current caused by the counter electromotive force induced in said inductive load; 
detecting current value information about the current flowing in said inductive load; and 
calculating a drive duty that is a duty cycle for applying a desired current into said inductive load during the 
drive time of said inductive load, from said non-drive duty and said current value information. 

26. The current control method defined in claim 25 wherein during current control time, a drive duty is calculated and. 
renewed based on said drive duty and the current information value about the saturation current flowing in said 
inductive load by the pulse signal of said drive duty, if the period during which the duty cycle is constant is longer 
than the period taken by the current f towing in said inductive load to be in the saturation state. 

27. A current control method that perform current control for an inductive load with pulse-width modulation, being com- 
prised of steps: in non-control time when current control is not performed, 

generating a pulse signal of a non-drive duty that is a duty cycle for applying a current by which said inductive 

load does not operate into said inductive load; 

applying a current by said pulse signal into said inductive load; 

feeding back the current caused by the counter electromotive force induced in said inductive load; 
detecting current value information about the current flowing in said inductive load; and 
calculating a drive duty, which is a duty cycle for applying a desired cunent into said inductive load during cur- 
rent control time, from said non-drive duty, signal information about the pulse signal of said non-drive duty, and 
said current value information. 

28. The current control method defined in claim 27 wherein the feedback current is not detected; said signal informa- 
tion is time information that expresses the elapsed time from the time when the level of the pulse signal of said non- 
drive duty changes so that a current starts to flow in said inductive load; and said current control method detects, 
from said time information and said non-drive duty, a period when a cunent from a current source flows in said 
inductive load, receives said current value information during said period and at the saturation time when changes 
in the average current value of the current flowing in said inductive load by the pulse signal of said non-drive duty 
become small within a predetermined value, calculates the average value of the current flowing in said inductive 
load during said period, from said current value information, said time information, and said non<irive duty, and cal- 
culates said drive duty for current control time from the average current value and said non-drive duty. 

29. The current control method defined in claim 27 wherein the feedback current is not detected; said signal informa- 
tion is time information that expresses the elapsed time from the time when the level of the pulse signal of said non- 
drive duty changes so that a current starts to flow in said inductive load; and said current control method detects, 
from said time information and said non-drive duty, a period when a current from a current source flows in said 
inductive load, receives a plurality of times said current value information, during said period, after the saturation 
time when changes in the average current value of the current flowing in said inductive load by the pulse signal of 
said non<lrive duty become small within a predetermined value, receives said time information corresponding to 
said current value information, calculates the average value of said current value information and the average value 
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of said time information, calculates the average value of the current flowing in said inductive load during said 
period, from said average value of said current value information, said average value of said time information, and 
said non-drive duty, and calculates said drive duty for current control time from the average current value and said 
non-drive duty. 

5 

30. The current control method defined in claim 29 wherein said current control method monitors the source voltage 
value and calculates said average current value by giving weightings to the received current information, if said 
source voltage value fluctuates during the time when said current value information is received. 

io 31. The current control method defined in claim 28 wherein said current control method detects, from said time infor- 
mation, during one period of said pulse signal, the elapsed time from the time when a current from a current source 
starts to flow in said inductive load to the time when said current value information is received, calculates the ratio 
of said elapsed time to the period when a current from said current source flows in said inductive load during one 
period of said pulse signal, calculated from said non-drive duty, and calculates said average current value by cor- 

i5 reeling the received current value information based on said ratio. 

32. The current control method defined in claim 27 wherein the feedback current is also detected as said current value 
information; said signal information is time information that expresses the elapsed time from the time when the level 
of the pulse signal of said non-drive duty changes so that a current from said current source starts to flow in said 

20 inductive load; and said current control method receives said current value information at the saturation time when 
changes in the average current value of the current flowing in said inductive load by the pulse signal of said non- 
drive duty become small within a predetermined value, receives said time information, identifies from said time 
information and non<irive duty, the period to which the received current value information belongs either as a 
period when a current from said current source flows in said inductive load or as a period when a current flows in 

25 said inductive load by the counter electromotive force induced in said inductive load, calculates the average value 
of the current flowing in said inductive load over the identified period, from said time information, said non-drive 
duty, and the received current value information, and calculates a drive duty for current control time from said aver- 
age current value and said non-drive duty. 

30 33. The current control method defined in claim 27 wherein the feedback current is also detected as said current value 
information; said signal information is time information that expresses the elapsed time from the time when the level 
of the pulse signal of said non-drive duty changes so that a current from said current source starts to flow in said 
inductive load; and said current control method receives, after the saturation time when changes in the average cur- 
rent value of the current flowing in said inductive load by the pulse signal of said non-drive duty become small within 

35 a predetermined value, said current value information a plurality of times from said current detecting means with 
arbitrary timing, receives said time information corresponding to said current value information, classifies the 
received current value information, based on said time information and said non-drive duty, into the information dur- 
ing a period when a current from said current source flows in said inductive load and the information during a period 
when a current flows in said inductive load by the counter electromotive force induced in said inductive load, calcu- 

40 lates the average value of the received current value information and the average value of the time information for 
each period, calculates therefrom and from said non-drive duty the average value of the current flowing in said 
inductive load for each period, and calculates said drive duty for current control time, from the current value 
obtained by averaging the calculated average current values in both periods and from said non-drive duty. 

45 34. The current control method defined in claim 33 wherein said current control method monitors the source voltage 
value and calculates said average current value by giving weightings to the received current information, if said 
source voltage value fluctuates during the time when said current value information is received. 

35. The current control method defined in claim 27 wherein said current control method detects, from said time infor- 
50 mation, during one period of said pulse signal, the elapsed time from the beginning of the corresponding identified 

period to the time when said current value information is received, calculates the ratio of said elapsed time to the 
corresponding identified period, and calculates said average current value by correcting the received current value 
information based on said ratio. 

55 36. The current control method defined in claim 27 wherein said current control method monitors the source voltage 
value and corrects and gives said drive duty in proportion to the difference between the monitored source voltage 
value and a predetermined value. 

37. A current control methods that perform current control for an inductive load with pulse-width modulation, being 
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comprised of steps: during non-control time when current control is not performed, 
monitoring the source voltage value; 

applying a current into said inductive load, for a time so that said inductive load does not operate, by a pulse 
signal of duty of 1 ; 

feeding back the current caused by the counter electromotive force induced in said inductive load; 
receiving current value information about the current flowing in said inductive load; 

receiving signal information for identifying a period when a current from a current source flows in said inductive 
load by said drive means and a period when a current flows in said inductive load by the counter electromotive 
force induced in said inductive load, and 

calculating from said signal information, said current value information, and the source voltage value at the 
time when said current value information was received, a drive duty that is a duty cycle for applying a desired 
current into said inductive load during current control time. 

38. The current control method defined in claim 37 wherein said signal information is time information that expresses 
the elapsed time from the time when the level of said pulse signal of the duty 1 changes so that a current from said 
current source starts to flow in said inductive load; and said current control method receives said current value 
information, receives said time information, identifies, from said time information and the time during which a cur- 
rent from said current source flows in said inductive load by the pulse signal of the duty of 1, the period to which 
the received current value information belongs either as a period when a current from said current source flows in 
said inductive load or as a period when a current flows in said inductive load by the counter electromotive force 
induced in said inductive load, calculates the load resistance value of said inductive load during the identified 
period, from said time information, the received current value information, and the source voltage value at the time 
said received current value information was received, and calculates said drive duty for current control time. 

39. The current control method defined in claim 37 wherein during current control time, if the period during which the 
duty cycle is constant is longer than the period taken by the current flowing in said inductive load to be in the satu- 
ration state, said current control method further calculates and renews a drive duty from said signal information in 
said pulse signal of said drive duty and the current information value about the saturation current flowing in said 
inductive load by the pulse signal of said drive duty. 

40. The current control method defined in claim 37 wherein during current control time, said current control method 
monitors the source voltage value and corrects said drive duty in proportion to the difference between the moni- 
tored source voltage value and a predetermined value. 

41. The current control method defined in claim 37 wherein during current control time, said current control method cor- 
rects the calculated newest drive duty depending on the rate of change in the load resistance value of said inductive 



42. The current control method defined in claim 41 wherein said current control method monitors the source voltage 
value and calculates the rate of change in said load resistance value from currents having flowed in said inductive 
load by the drive duty calculated before correcting the drive duty, the time periods when currents flowed, and the 
average value of the source voltage values monitored at these time periods. 

43. The current control method defined in claim 37 wherein said inductive load is a three-position switching electromag- 
netic valve for switching pressurization, holding, and decompression of brake fluid in an ABS control apparatus of 



load. 



a vehicle. 
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